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EXECUTIVE SUMMARY

The Second Report and Order in the proceedings relating to Docket No. 18262 published by the
Federal Communications Commission (FCC) in 1974 promised relief of the long-standing frequency
congestion problems of the law enforcement communications community. Concurrently, fundamen-
Ltal revisions Lu the procedures and policies by which law enforcement agencies obtain access
to the 900 IHz portion of the spectrum were made.

These proceedings allocated 30 MHz for all elements of the land mobile communications commun-
1ty, 1ncluding iaw entorcement. Of the 600 channels possible in this portion of the spectrum,
100 were allocated for conventional systems, 200 for “trunked"l/ systems, and the remaining
300 held in reserve. New ground rules were established for the assignment of these frequencies.
Block assignments reserving specified frequencies for designated classes of users such as law
enforcement agencies were not authorized in this band. No provisions were made for local fre-
quency coordination. The procedures at 900 MHz call for the FCC staff to use a first come,
first served assignment technique based upon Commission-established standards of channel load-
igg. kTZe Commission alsn mandated that all systems requiring more than five channels be
"trunked".

These and related concepts were developed by the Commission in recognition of the rapidly
expanding spectrum requirements of the land mobile communications community. Its stated
intention was to apply modern technology to the problem of the growing demand for a finite
amount of spectrum. But the impact of these policies, together with the engineering questions
pertaining to the technical suitability of this newly available spectrum have, heretofore, not
been considered in light of the specialized communications nceds of law enforcement agencies.

In February 1977 the Law Enforcement Assistance Administration (LEAA) recognized that many
technical, economic and managerial questions about this newly available spectrum and related
frequency assignment philosophies must be answered before the potential benefits inherent in
Docket No. 18262 could be fully available to the law enforcement community. Under LEAA Grant
No. 77 SS 99 6009 the Associated Public-Safety Communications Officers, Inc. (APCO) was re-
quested to analyze these problems, make appropriate recommendations for future actions, and
describe a program to demonstrate the potential capabilities of these new concepts.

In this study (called Project 16), APCO has determined that these frequencies do, in fact,
present the opportunity for significantly improved spectrum availability and communications
system performance for law enforcement agencies. Conventional type 900 MHz equipment is now
available. It is relatively cost effective and functionally suitable for installation, main-
tenance and operation by many law enforcement agencies. The 900 MHz spectrum offers a major
opportunity to alleviate much of the spectrum congestion that has long afflicted the public
safety communications community.

On the other hand, the present regulatory environment for 900 MHz as established in Docket

No. 18262 poses certain difficulties that may impede the effective utilization of this vital
portion of the spectrum. The absence of block allocations, coupled with the elimination of the
requirement for local area coordination, can seriously jeopardize the implementation of inte-
grated and cooperative systems. The first come, first served frequency assignment policy
threatens potential access Llu Lhese frequencies by the tax-supported members of the land mobile
community. The rate at which the business and other economically flexible elements of the

land mobile community are moving to these frequencies raises serious questions reggrd1ng the
eventual availability of frequencies for law enforcement agencies. that are faced with the time-
consuming financial processes that must be compiied with by Lax-supported entities.

The question of trunked system implementation by public safety agencies has proven to be highly
complex. The potential for improved spectrum utilization that might result from trunkeq system
technology in the law enforcement sector has not been demonstrated in 1ight of the specialized
law enforcement operational needs; nor is the responsibility of the taxpayer to support these
potentially more costly systems, even if perhaps they are more spectrum-efficient, been estab-

lished.

1/ See Chapter I for definitions.
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While improved spectrum efficiency may result from such systems, the degree of improvement
attainable seems largely dependent upon the number of units involved in the system. Trunking
systems with fewer than 300 mobiles offers 1ittle improvement in spectrum utilization. Trunk-
ing larger systems, under present standards of loading, offers only marginal improvements in
possible channel availability.

Little spectrum-related benefit derives from trunking heavily loaded channels. Improved spec-
trum utilization is not likely to result from trunking the existing number of channels of a
major metropolitan system that is currently loaded with 100 or 150 mobile units per channel.
Overall increased spectrum utilization, while maintaining a present or an improved level of
service in such systems, is more 1ikely to occur in large municipalities if multi-agency sys-
tems can be developed. Systems in which the communications needs of several (or all) agencies
of a given unit of government could be united, such that 1ightly loaded channels can be com-
bined with the heavily loaded law enforcement channels (incorporating the time phase difference
of periods of peak loading), could provide opportunities for improved spectrum utilization by
using trunked techniques. Similarly, the combination of several agencies of different but
contiguous units of government also offers the passibility of providing the system size and
channel availability needed to make possible improved spectrum utilization through trunking.
Both of these options present significant management, political and economic problems.

A most important result of this study has been the identification of significantly improved
operational possibilities that are inherent in the trunked system concept. Such systems, em-
ploying digital address and control channel techniques, make possible system configurations
that offer greatly increased flexibility, multiple address system organization, automatic
priority designators, multiple system control points, channel redundancy, flexible system ex-
pansion capabilities, and other advantages yet to be identified. These techniques can greatly
enhance the functional capabilities of law enforcement communications systems. The trunked
system concept currently mandated by the FCC offers the possibility of satisfying law enforce-
ment communications needs for the next several decades.

Project 16 recognized that the technologies required to implement these trunked systems exists
today. The principal impediment to their immediate application is the need to identify those
necessary functions that this technology can provide and to configure a system that demon-
strates the improved operational capabilities that are possible. Project 16 concludes that
the federal government should provide the initiative needed to develop a demonstration system
that will make potential users aware of its capabilities and resolve those engineering ques-
tions inherent in the implementation of new technologies.

The study recommends that the federal government initiate a program to develop a model trunked
system demonstrating those operational features having particular application to law enforce-
ment communications needs. It also recommends that the federal government absorb the costs
associated with system development, test, and technology transfer, and that the selected model
community bear those costs associated with hardware manufacture and installation.

Project 16 has answered many of the questions relating to the opening of the 900 MHz spectrum
to law enforcement communications needs. It has pointed out certain regulatory areas that need
modification if these frequencies are to be most effectively used. 1t has shown that the
equipment needed for conventional, traditional type 900 MHz systems is davdilable Luday. But
perhaps of most importance, it has pointed out the potential of trunked, 900 MHz systems to
exploit existing technologies in a way that will provide new systems configurations that will
accommodate the operational needs of law enforcement agencies during the coming decades.
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INTRODUCTION

The opening of the 900 MHz spectrum for use by the land mobile radio community
by the Federal Communications Commission in its proceedings in Docket No. 18262
was a landmark event in the history of mobile radio in the United States. By
this action the FCC almost doubled the amount of spectrum availahle to the land
mobile radio services, offering a long-awaited hope of relief from constraints
on system design caused by the limited number of available frequencies.

In this proceeding the Commission Jaid a foundation for the future of mobile
radio. It authorized the development of "cellular systems" which may some day
make possible the establishment of a mobile radio system able to serve the gen-
eral public much as the public telephone network does today. It set aside

40 MHz for the development of these cellular systems.

The Commission provided for the growth of private land mobile radio systems by
establishing two 15 MHz bands (806 MHz to 821 MHz for base only, and 851 MHz

to 866 MHz for mobile on]y)l/ for use by the land mobile radio services. This
30 MHz provides sufficient spectrum for the eventual assignment of 600 two-way
voice channels in the land mobile radio service.

In this action the FCC did much more than authorize much needed spectrum for
land mobile use. It radically altered many of its long-standing concepts of how
this spectrum would be managed and how these frequencies would be assigned. The
Commission did away with block allocations at 900 MHz. That concept, long in
use in the lower bands, reserved specific frequencies or groups of frequencies
for use by specific services, to the exclusion of other users. In lieu of this
block allocation concept, the Commission established a "first come, first
served" frequency assignment procedure whereby all authorized users, regardless
of service, would be assigned frequencies by the Commission staff in the order
of the sequence of their license applications, based upon channel loading stan-
dards established by the Commission.

The Commission also mandated that the larger systems (those with loading re-
quirements justifying the assignment of more than five channels) must employ
trunked 2/ system technologies. These trunked systems would be based upon
automated computer controlled switching technoloyies that could instantaneously
select an unused channel from among any of those assigned to the system, rather
than rely upon discrete assignments of channels to individual mobile units or
groups of units.

The Commission explained in the Second Report and Order resulting from Docket
No. 18262 that it was pursuing these policies in the interest of increased
"spectrum efficiency" and improved spectrum management. It made clear in public
statements made in connection with Docket No. 18262 that it foresaw a great
growth in the demand for mobile radio systems, and that in view of the finite
Jimits of the available spectrum, the Commission was determined to exploit the
resources of technology and management policy to best use the available spec-
trum.

The Commission recognized that the trunked technologies it had mandated are
1ikely Lo be expensive and, in some cases, might only be justified by some form

1/ This newly available spectrum has been referred to by several appellations during the

development of Docket No. 18262. Technically, it is a portion of the UHF band and cur-
rently it is frequently referred to as the "800 MHz" band or the "860 MHz" band. During much
of the period in which Docket No. 18262 was active, the entire portion of the spectrum under
consideration in that Docket was widely referred to as the "“900 MHz" band. In deference to
this historical precedent, this Report will continue Lu use that term to designate that portion
of the spectrum available for land mobile radio service use between 806 MHz and 870 MHz.

2/ For definitions of this and cimilar terms used extensively in this Docket, see Chapter I.
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of cooperative or common user management organization. To this end it author-
jzed the establishment of Special Mobile Radio Systems, or SMRSs. These SMRSs
would not be licensed as common carriers regulated by State Public Utilities
Commissions. They would be authorized to provide base station services to only
those users who are individually licensable in their own right.

The complexity of the Docket No. 18262 proceedings posed significant questions
concerning the Commission's policies affecting spectrum management. While these
innovative policies had long been discussed in the near decade of argument
preceding the publication of the Second Report and Order resulting from Docket
No. 18262, the impact of these new policies upon the special needs of the public

safety sector, including the specialized needs of law enforcement communica-
tions, was not clear. What are the effects of the elimination of block fre-

quency allocations? Of first come, first served frequency assignments? Does
the Commission have the resources to support the frequency assignment program?
Will frequencies be available when tax-supported agencies have finally obtained
funds for system implementdlion?

As with any innovative technology, engineering questions need answers before new
systems can be installed. What are the propagation characteristics of these
frequencies? Is equipment available and what will it cost? Can it be maintain-
ed using available skill levels and test equipment? Is it safe to operate?
Reliable?

The mandating of trunked systems technology raises additional problems for those
considering designing large systems. What are the potentials for improved spec-
trum utilization? How many trunked channels will be adequate to replace a given
number of conventional channels? What is the availability of the equipment?

How will such systems work, and what will they cost? What will it cost to de-
velop and demonstrate the technology and who should pay for it? What role will
the SMRSs play and how can they be applied to public safety needs?

A related family of questions of special interest to law enforcement and other
public safety agencies springs from the operational potentialities of trunked
systems. Given the development of this concept of mobile sommunications system
design, what are the possibilities of new approaches to equipment design and
system configuration to improve the operational capabilities of the using agen-
cies? Considering the developmental "break point" inherent in the introduction
of trunked systems, are there other technological or conceptual innovations that
might be introduced concurrently?

The Law Enforcement Assistance Administration (LEAA) recognized that these and
related questions must be resolved before the newly allocated 900 MHz frequen-
cies can be fully applied to the introduction of modern law enforcement communi
cations systems that are responsive to the growing demands being imposed upon
them. LEAA also recognized that the adaption of the technological potential to
the command control needs of the law enforcement community would likely call for
a comprehensive, formal development program that inciuded schedules, budgetary
estimates, and jdentified management, fiscal and technological responsibilities.

In February 1977 the LEAA provided Grant No. 77 SS 99 6009 to the Associated
Public Safety Communications O0fficers, Inc. (APCO) to develop answers to these
and related questions. APCO was also called upon to outline the objectives,
schedules and costs associated with a program to demonstrate the operational
and technological capahilities inherent in the trunked system concept.

APCO, as the oldest and largest association of public safety communications
supervisors, operators and technicians, possesses special capabilities in this
area. MWith its voluntary memberchip that includes system user responsibilities
operational experience, and technical expertise, it is in a unique position to
provide policy level insights and technical judgments, unbiased by economic
self-interest, moderated by the awareness that its members will be those most
affecled by Uhe conclusions reached.
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To accomplish this task, APCO established a task group comprised of the Board

of Officers assisted by the Association's Executive Director and the Project
Directar, to provide overall project supervision and policy-level representa-
tion of the Association's membership. A second task group, made up of members
selected for their engineering skills and operational experience, was organized
to provide technical guidance. Seminars were conducted during the regularly
scheduled Regional Conferences of the Association during which the memberhip
participated in discussions with Project personnel to provide insight into the
issues presented. A mail survey of the vendor community was made to determine
the status of equipment develapment and likely projected costs. Project percsnn-
nel participated in conferences with representatives of the engineering and man-
agement staffs of several major vendors to determine the status, costs, poten-
tial problems, and opportunities that they believed might be associated with
trunked system implementation. APCG's retained legal firm of McKinnon, Wilkin-
son and Kittner provided a summary of the regulatory background considerations
and an overview of the final Report to assure conformance with regulatory con-
cepts. A Project Director was assigned to the National Office of APCO, working
under the general supervision of APCO's Executive Director.

The Report is presented in five Chapters that describe the current regulatory
environment, analyze the applicability of 900 MHz to law enforcement communica-
tions, present the conclusions and recommendations that result, and recommends

a program for demonstration of a working system. The first Chapter presents the
historical, regulatory and litigatory background of Docket No. 18262. The sec-
ond presents those factors, peculiar to the 900 MHz spectrum and the regulatory
environment created by Docket No. 18262, affecting the applicability of this
spectrum to the satisfaction of law enforcement needs. Chapter III describes
the operation of a law enforcement communications system and how trunked commun-
ication systems work. This discussion provides a basis for understanding how
these new technical and regulatory concepts relate to law enforcement systems
needs. Chapter IV Tists conclusions developed by APCO regarding these issues,
and the recommendations associated with these conclusions. For the reader's
convenience, the recommendations are summarized at the end of the Chapter. The
fifth Chapter establishes the objectives to be attained by a demonstration sys-
tem, and describes a five-phase demonstration and technology transfer program,
including cost estimates and schedules.

The scope and complexity of the material presented in this document makes com-
plete assimilation at one time difficult. Each Chapter has therefore been pre-
pared such that it may be read alone. While this approach results in some
redundancy, it is hoped that it will improve its uscfulness as a source of

reference material.

Since the initiation of this Project, the Commission has seen fit to recognize

a number of the regulatory and spectrum managemenl issues that now affect the
Tand mobile community. 1In its Docket No. 21229, publiished in June 1977, it
asked a number of questions regarding spectrum management proceedings, frequency
coordination, and similar issues. APCO's response to this Docket, included as
Appendix I to this Report, presents a comprehensive overview of its position on

these subjects.

The following document provides APCO's response to the issues and opportunities
presented by the proceedings of FCC Docket No. 18262 as viewed from the perspec-
tive of the public safety community in general and the law enforcement commun-
ity in particular. It is directed toward the management level communications
system executive. While it is written in non-technical language, it assumes
familiarity with fundamental mobile communications concepts. A Bibliography is
included to provide source material for those interested in pursuing the tech-
nical analysis upon which the report is based.
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CHAPTER I

THE 900 MHz REGULATORY RACKGROIIND AND ENVIRONMENT

1. INTRODUCTION

1.1 GENERAL

In a proceeding titled "An Inquiry Relative to the Future Use of the
Frequency Band 806-960 MHz", the Federal Communications Commission took
steps to open a major segment of the radio spectrum for public safety
communication systems and other members of the land mobile radio com-
munity.1/ Within the new spectrum allocation, the Commission determined
to require innovative engineering techniques and methods of frequency
assignments among radio systems as well as to continue some features of
established technology and spectrum management systems. The stated pur-
pose of these FCC actions was to devise and implement radio systems and
technologies that would use the newly available spectrum with hitherto
unachieved efficiency while offering a wide range of choices to eligible
spectrum users.

To this end, the FCC did not 1imit the availability of 900 MHz frequen-
cies to the conventional individual and cooperative type of sSystems now
prevalent in other mobile bands - although such use is permitted at

900 MHz. Rather, the Commission encouraged the use of “trunked" or
computer-switched technology in private dispatch systems, in which many
users can share a number of frequencies by use of computer controlled
channel switching. Since these trunked systems might be more complex
(and thercfore more expensive) than single radio users might need or
desire, groups of eligible users and new, profit-making "Specialized
Mobile Radio Systems" (SMRS) were encouraged to design and operate
multi-user systems. For public mobile telephone service 2/, the FCC
mandated the provision of public mobile telephone service in the "900
MHz" band by sophisticated "cellular" systems that featured simultaneous
use of frequencies by small cells distributed throughout an urban area.

The Commission's past practice has been to allocate blocks of the radio
spectrum to radio services and then rely upon private radio service
coordinating committees for the actual frequency selection. In the case

1/ The land mobile radio community includes all users of mobile radio or portable radio units
which communicate with base stations at fixed locations or with other mobile units. In
addition to public safety radio users. major members of the land mobile community include bus-

iness and industrial users, taxicabs, railroads and transportation companies, petroleum and
energy companies, all of whom use radio for their internal needs. Telephone companies and
radio common carriers also offer mobile radio service and one-way radio paging service to the
public.

2/ The distinction between public mobile telephone service and private dispatch service is a
=  constant refrain in the 900 MHz area. Public mobile telephone service offers two-way com-
munications between a mobile unit and any landline telephone or other mobile unit; generally,
public mobile telephone service is used for personal or business conversations of 3-4 minutes
or more. Public service is offered by common carriers who are regulated under Title IT of the
Communications Act and Part 21 of the FCC Rules. Private dispatch service, on the other hand,
is a valuable tool in the internal management of a business or government organization, and it
is used only for communication among officers and employees of the organization.

Typically in dispatch service, a controller at a dispatch center comunicates with a fleet
of vehicles or employees in very brief (roughly 5-8 seconds) transmissions related to the
business at hand. Private radio systems may be operated by any eligible organization, as
specified in Parts 89 (Public Safety), 91 (Industrial), and 93 (Business and Land Transporta-
tion) of the FCC Rules, provided a license is obtained from the FCC under the applicable pro-
bisions of the Rules.
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of 900 MHz applications, the Commission determined to have its staff
make all the freguency assignments from one common pool of frequencies,
including those channels to be shared by licensees, where such sharing
might be necessary to achieve the level of channel usage, in terms of
the number of mobile units, it has set as feasible and desirable.l/

The Commission's decisions for the 900 MHz band were the result of a
concerted effort by the regulatory officials, with substantial support
from the land mobile industry, to go beyond the patterns of the past in
the hope of achieving a more effeclive and efficient use of the 900 MHz
band. In particular, the authorization of the profit-making private
entrepreneurs {SMRS) to provide multi-user cervice and the selection of
all frequencies in Washington were decisions by the FCC designed to
shape the technical and organizational future of land mobile radio
use.?2/

Because of the broad scope of the 900 MHz proceeding, however, the FCC
did not explore or determine the precise applicability of its decisions
to any particular radio service such as the public safety radio field.
In this study the Associated Public-Safety Communications Officers, Inc.
(APCO) proposes to evaluate the offect of the policies established by
the FCC for the 900 MHz band, including the applicability of the new
system and technology contemplated by the FCC for use in that band,

on tax-supported public safety radio users. It will evaluate the util-
ity of “trunked" technologies for multi-channel systems and the poten-
tial of non-profit and profit-making suppliers that might be set up to
provide these trunked systems. In addition, it will evaluate the prac-
tical effect of the decision to abandon block or pool frequency assign-
ments to particular radio services and to remove frequency assignment
and coordination from the private radio committees which have been an
integral part of public safety radio planning and use.3/ As part of
this latter point, attention will be given to the staff method of
selecting frequencies by vyertical stacking" of systems on each channel
in turn and the resulting "first come, first served" licensing apparent-
1y without detailed consideration of the systems to be placed on each
channel. 4/

1/ The basic plan for the 806-960 band was announced in the Second Report and Order, Docket

No. 18262, 46 FCC 2d 752 (1974) and affirmed in a Memorandum Opinion and Order on Reconsid-
eration, 51 FCC 2d 945 (1975). The United States Court of Appeals for the District of Columbia
Circuit upheld the FCC in National Ass'n of Regulatory Util. Comm'rs v. FCC, 525 F 2d 630 (D.C.
Cir. 1976). The Supreme Court refused to Feview the Court of Appeals decision, leaving it the
final word from judicial authorities on the FCC decisions in Docket No. 18262. Cert. denied,
425 U.S. 922 (1976).

2/ Subsequently, however, the Commission has apparently reversed its decision to delete the
rule of the local frequency coordinator in its entirety. Practices and Procedures for
Spectrum Management in the Land Mobile Services are governed by Parts 89, 91, and 93 of the
Commission's Rules and are the subject of Docket No. 21229, Notice of Inquiry, released May 17,
1977. For APCO's Comments on this Docket, see Appendix I.

3/ APCO performs the frequency coordination work for many public safety and local government
radio systems applying for channels in the 150 MHz, 450 MHz, and 470 MHz bands. In Docket
No. 21229, however, the FCC has begun a broad inquiry into frequency assignments in all land
mobile radio bands and into the role of frequency coordination effarts. MNotice of Inquiry, FCC
77-287, released May 17, 1977.

4/ See, Chicago Spectrum Force 'Will Be Disbanded', Donal D. Kavanagh, The APCQO BULLETIN,
August, 1976.
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Chart 1.1 shows the principal frequency allocations authorized in the
800 MHz to 1,000 MHz portions of the spectrum.

DEFINITIONS OF TERMS

Through this publication, several terms appear which describe parts
of the FCC plan for radio systems in the 900 MHz band. The following

definitions are provided for the convenience of the reader.

Community repeater: a radio base (repeater) station and antenna sys-
tem 1/ built and operated by an equipment vendor or other party who is
nol Ticensed by the FCC. The base station and antcnna facilities are
leased to organizations eligible for licenses under the FCC rules, and
these eligibles obtain a license for the base station and antenna, as
well as mobile units and a control point from which the eligible's radio
system will be operated. Since the communily repeater equipment may be
licensed to more than one eligible organization, the arrangement is also
called "multiple licensing" of facilities for private radio systems.

Radio common carrier {(RCC): an entrepreneur who obtains a license for
base station, antenna, mobiles and control points from the FCC and then
offers mobile telephone service and one-way paging service to the pub-
1ic. 1In concept, the RCC is required to offer service to anyone who
orders it, and this public offering distinguishes an RCC operation from
the private land mobile systems operated for the internal, business com-

. munications of the licensee. As a general matter, RCCs and telephone

companies who offer puhlic mobile telephone service and paging service
are regulated by state utility commissions as to their rates and terms
of service and by the FCC (under Part 21 of the Rules) for technical
aspects of service.

Specijalized mobile radio system (SMRS): according to the Reconsider-
ation decision:

Under this category we will license base station
facilities and make their use available (under certain
restrictions and limitations) to persons eligible in
the Public Safety, Industrial and Land Transportation
Radio Services. The SMR system licensee may, in turn,
make these facilities available to either an eligible
individual or to a number of eligible individuals in
one or more of the service groupings set out at
Sections 89.801 and 89.802 of the Rules.

SMRSs are expected to provide trunked systems for 6 to 20 channels;
mobile units and control points used with SMRS are to be licensed separ-
ately to eligible organizations. The differences between SMRS and com-
munity repeaters are the requirement for trunked operations with SMRS
and the direct licensing of the SMRS to operate the base station and
antenna facilities as opposed to licensing the community repeater cus-
tomer for the shared base station and antenna facilities. The primary
difference between SMRS and RCCs is the requirement that SMRS serve
only eligibles in Parts 89, 91, and 93 and not the general public, a
characteristic of SMRS operation that removes it from state and federal

common carrier regulation.

Conventional system: a conventional system in the Commission's defin-

ition is:

1/ The base/repeater station is called a mobile relay station in the FCC Rules.
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A method of operation in which one or more radio frequency
channels are assigned to mohile and base stations but are
not employed as a trunked group. An “urban-conventional
system" is one whose transmitter site is located within

15 miles of the geographic center of any of the first 50
urbanized arcas %ranked by population) of the iinited
States. A "suburban-conventional system" is one whose
transmitter site is located more than 15 miles from the
geographic center of the first 50 urbanized areas.

Section 89.602 of the FCC Rules.

A conventional system must be operated by an eligible organization or a
group of eligibles under Parts 89, 91, and 93 of the FCC Rules (the
private land mobile radio services), but some equipment may be supplied
and operated by an equipment vendor as a community repeater facility.
If more than one channel is involved, a conventional system operates by
discrete assignment of channels for specific periods of time by manual
means. A conventional system at 900 MHz is limited to five or fewer
channels under current FCC Rules; larger systems must use "trunked" or
computerized channel switching equipment.

Trunked system: The Reconsideration opinion gives this definition:

In simplest terms, a "trunked" radio system is a
radio communication facility employing between
five and twenty channel pairs. Channel access by
any user at any time is controlled by a computer
which assigns that user the first available channel
or places the "call" in a waiting line until a cir-
cuit becomes available.

Trunked technology can be used with any system of two or more channels.
The FCC has required all systems at 900 MHz with more than 5 channels
to use trunked technology, based on the view that the switching tech-
nology is faster and more efficient than other systems.

Cellular system: a high capacity system in which a geographical area is
divided into a number of smaller areas called cells. Radio channels are
assigned to each cell, and non-adjacent cells share channels in order tc
1imit the total number of channels needed by the system. When a mobile
unit using the system travels from one cell to another, its frequency

js automatically switched by the base stations to accord with the fre-
quencies assigned to each cell. Under FCC Rules, cellular technology
must be proposed for any public radiotelephone system planned for

900 MHz frequencies. Developmental applications and simplified call or
pre-cellular applications will be accepted in the early stages of the
900 MHz program.

Planned system: A planned system refers to a telecommunication network
configured to integrate the policies, procedures, equipment, and person-
ell required to fulfill the communication requirements of tax-supported
public safety entities. Such systems normally involve extensive time
for requirements definition, design and funding approvals, procurement,
implementation, test and cut-over. They are usually designed to satis-
fy the total communications requirements of one or more tax-supported
agencies. They frequently involve coordination of responsibilities of
several agencies or levels of government and require the commitment of
financial and spectrum resources for protracted periods of time.




2. THE DEVELOPMENT OF DOCKET NO. 18262 CONCEPTS

2.1 THE INQUIRY PERIOD - 1968-1974

The frequency band 806-960 MHz was originally assigned for use by UHF-
TV, certain industrial equipment, and government experiments.l/ By the
mid-1960's, however, investigations began into the use of the UHF-TV
frequency band and the government frequencies for the relief of crowded
land mobile radio services. The land mobile community had outgrown
original allocations in the 25-50 MHz and 150-160 MHz bands, even though
the initial channels were split several times to achieve 1631 channels
in the same spectrum space.2/ Channels in the 450-470 MHz band were
allocated in 1949, split in 1966, and still crowded by 1968.3/ The
need for additional spectrum for long-term relief was voiced in Con-
gressional hearings, to the Executive Branch and to the FCC.4/

The search for new radio space to accommodate land mobile needs quickly
centered on the broad allocation given to UHF-TV, then a small and un-
successful service struggling with the preeminence of VHF-TV stations.5/
After considerable promoting from land mobile users and its internal
Advisory Committee, the FCC announced two inquiries, one proposing
shared use of the lower portion of the UHF-TV band next to the 450 MHz
land mobile channels and one proposing to reallocate the range of 806-
890 MHz in the upper UHF-TV band for long-term land mobile spectrum
relief.

In the first inquiry, Docket No. 18261, the Commission proposed to allow
land mobile users access to one or two of the lower UHF channels (chan-
nels 14-20 or 470-512 MHz) in the ten largest urban centers.b/ The

1/ The UHF-TV assignment of 470-890 MHz was made in 1951. The band 915 MHz + 25 MHz (890-940

MHz) was allocated for use of certain industrial, scientific and medical (ISM) equipment in
1947. The government also used portions of the 890-942 MHz band beginning in 1958. At this
time, land mobile users shared bands. See generally, Frequency Allocations 25-890 M/cs, 39 FCC
567 519643; Notice of Inquiry and Notice 0f Proposed RuTenaking, Docket No. 182062, 14 FCC 2d
312 (1968).

2/ Docket 18261, Second Report and Order, 19 RR 2d 1585, 1591-92 (1971); U.S. Dept. of
Commerce, Electromagnetic Spectrum Utilization - fhe Silent Crisis at 12-13 (1966). The

expedient of making two channels from one was possible because of technical improvements to

radio equipment that made it less likely to transmit and/or receive signals removed from the

assignment channel.

3/ See, Channel-Splitting in the 450-470 Mc/s Band, 11 FCC 2d 648 (1968). In this time period
~  Tand mobiTe users grew from 12,000 Ticensees (1949) to 290,000 licensees operating three
million transmitters. Docket No. 18262, Reconsideration, 51 FCC 2d at 963.

4/ The Silent Crisis, supra; FCC, Report of the Advisory Committee for the Land Mobile Radio
~  Tervices (1967); Hearings on the AlTocation of Radio Frequency and its Effect on Small Bus-
iness, before Sub-committee 5 of the Select Committee on Small Business, 90th Congress,.Zd
Session (1968); Report of the President's Commission on Law Enforcement and Administration of

Justice (1968.

5/ In 1951, the FCC allocated 420 MHz to UHF-TV, set up as Channels 14-83 to augment the VHF
~  Channels 2-13. By 1964, however, only some 200 of the 1550 available UHF channels had been

applied for. Frequency Allocations 25-890 Mc/s, supra, 39 FCC at 595.

6/ Docket No. 18261, Notice of Proposed Rulemaking, 14 FCC 2d 297, 299 (1968). The lower
channels, 470-512 MHz, were chosen for limited, immediate relief because of their proximity
to land mobile channels in the 450 MHz band and the ready availability of land mobile equip-
ment for that band. With the remaining 69 UHF channels, moreover, the loss of one or two
channels to land mobile use was not considered fatal to UHF-TV movement.
1.5




Commission stressed, however, that the 470 MHz channels would provide
only limited spectrum relief. To insure etficient use of the shared
channels, the Commission insisted upon frequency allocations to pools

of kindred services rather than discrete allocations to each radio ser-
vice.l/ In addition. the Commission pledged a larger role for the FCC
staff in selecting channels from the pools and enforcing certain optimal
levels of mobile units for each channel (channel loading standards).2/
Notwithstanding these efficiency measures, the FCC and land mobile part-
ies recognized the need for extensive long-term relief through broader
allocations and more efficient radio technology. These objectives were
set as the goal of the Second Inquiry, Docket No. 18262, reallocation of
the 900 MHz band.

In the First Report and Second Notice of Inquiry in Docket No. 18262,
the Commission rejected a determined defense of the upper channels by
broadcasting interests.3/ A tentative allocation gave 75 MHz of spec-
trum to the wireline common carriers, primarily AT&T, for the develop-
ment of "cellular" mobile telephone systems that could serve entire
metropolitan areas.4/ An additional 40 MHz of spectrum was tentatively
allocated to the private land mobile systems of Parts 89, 91, and 93 for
long-term spectrum relief and the implementation of innovative sys-
tems.5/ In making its initial allocations, however, the Commission
stressed the intended use of the new spectrum for new and more efficient
technological systems, despite the cost and effort required in develop-
ing the new equipment:

1/ Docket No. 18261, Sccond Report and Order, 22 RR 2d 1691, 1693-95 (1971). The system of

discrete assignments of a number of channels to each radio service (police, fire, local
government, etc.) was known as the "block grant" method. Its virtues were the assurance of
channels for immediate use and for long-term planning by eligible organizations. Since some
services grew more quickly than others, however, the block grant system produced a checkered
pattern of relative feast and famine until all channels were filled. The service pool concept
was meant to insure more flexible use of frequency assignments by the sharing of spectrum among
related services. In May, 1977 the remaining unassigned channels in the service pools were
aggregated into a General Access Pool open to all private radio services. Recport and Order,
Docket No. 20909, FCC 77-226, released March 31, 1977.

2/ 1d. at 1698-1705. Notwithstanding this greater staff role, the radio service frequency
Coordination efforts which facilitated channel assignments in the 150 and 450 MHz bands
were specifically endorsed for continued service with 470 MHz channels. 1d. at 1704-05.

3/ 19 RR 2d 1663, 1664-68 (1970). The broadcasters, represented chiefly by the Association
= of Maximum Service Telecasters (AMST), argued that land mobile servicg was not growing

as rapidly as expected, that its growth could be accommodated by more eff\c1ent spec?rum use
and that the upper channels would eventually be used for broadcasting auxiliary stations. The
AMST studies were rebutted by The Silent Crisis and other studies cited, supra, and the Com-
mission rejected the AMST position.

4/ 1d. at 1665-67, 1673. As early as 1950, AT&T had begun arguing for a large allocation in
the UHF band for a broad-band, multi-channel, high-capacity system. UHF Allocations,
supra; Frequency Allocation 25-890 Mc/s, supra. The cellular concept for high-capacity public

mobile service was discussed in 1he Silent Crisis and the FCC's Advisory Committee Report.

5/ 19 RR 3d at 1665-66.




The Commission is hopeful that AT&T, as well as
others, will undertake a comprehensive study of
market potentials, optimum system configurations
and equipment design Jooking toward the develop-
ment and implementation of an effective, high
capacity common carrier service in the band 806-
881 MHz.1/ Parties intending to undertake such
ctudies are requested to so indicate to the Com-
mission within 180 days of the release of this
action, including therein their estimates as to
when such studies will be completed.

Interested parties are encouraged also to submit
proposals within 180 days, with respect to the
manner in which the frequency bands 881-902 and
928-947 MHz can be most effectively used in meet-
ing the needs of the private Jand mobile users.
We are looking particularly for innovative tech-
niques applicable to bands thus far uncluttered
by land mobile systems.

19 RR at 1676-77 (emphasis supplied).

The period 1970-1974, between the second Notice of Inquiry and the
Second Report and Order, 46 FCC 2d 752 (1974), was ane of study, debate,
and development for the Commission and interested parties. AT&T pur-
sued its plans for a cellular system that would allow city-wide mobile
service by re-use of a number of frequencies.g/

A key aspect of the AT&T plan was @ comprehensive system for all mobile
services including dispatch services, and the carrier argued strongly
for an allocation of 75 MHz for cellular systems offering public tele-
phone, air/ground and dispatch service on a comuon carrier basis.3/
Non-carrier parties stressed the beneficial role of the present com-
petitive system for both public and private service and argued as
strongly that the wireline carriers should not be permitted to extend
their monopolies over all mobile telephone service and dispatch service
by means of the unprecedented 75 MHz allocation and the monopoly re-

sources of the Bell System.4/

1/ The band 806-881 MHz was tentatively allocated to the public mobile service because the
Commission considered its location away from the 915 MHz ISM band essential to an inter-
ference-free public service. Second Notice, 19 RR 2d at 1674-75.

2/ AT&T Comments and Technical Report, Dec. 20, 1971; AT&T Comments, July 20, 1972. The

~  cellular approach as discussed by AT&T envisions dividing a city into many- small cells,
each with a portion of the radio channels assigned to the system. Each geographic cell would
be assigned the number of frequencies it was most likely to use efficiently. These frequencies
would not be assigned to adjacent cells. Calls would be switched from cell to cell (and
frequency to frequency) by central computer switching facilities connected by wirelines to the
base stations serving each cell. The base stations would operate at low power levels to pre-
vent interference and allow re-use of frequencies by other cells. AT&T's original cellular
plan envisioned the offering of public telephone, air/ground, and dispatch service, using at
Jeast 74 MHz of spectrum. Motorola, Inc. and RCA submitted studies and proposals for cellular

systems on a more modest scale than AT&T's.
3/ AT&T Comments, July, 1972.

4/ Comments of General Electric Company, RCA and Motorola, Inc., Dec. 20, 1971;

2 . - B ) y .y . ) 5 Comments of
GE and the Land Mobx]e Section of the Electronic Industries Association (EIA), July, 1972.
Comments of the Justice Department and the Office of Telecommunications Policy (0TP), filed

~August 17, 1973, were instrumental in persuading the FCC against th 7
pugust 17, 1° P g gains e 75 MHz grant to the com-




Within the private land mobile community, the debate centered on the
method of encouraging most efficient use of frequencies while providing
the users' needs. Motorola and the Electronics Industries Association
{EIA) argued for a continuation of single user systems and a specific
allocation of frequencies for them on the grounds that single user sys-
tems would bring immediate relijef to the bulk of land mobile users.1/
Motorola also defended the "community repeater" type of multi-channel
operation in which base stations are used by several licensees in con-
nection with their own dispatching facilities or control points.2/

General Electric and RCA saw a role for larger single-user systems but
argued that the more numerous medium and smail-sized single-user sys-
tems would be served most efficiently through shared, multi-channel
systems. The RCA system followed a cellular model and offered a high
capacity system for a given block of frequencies.3/ General Electric's
proposal involved trunked or computer-switched channels that could
accommodate up to 3000 mobiles per MHz with only 10 seconds of waiting
time for access.4/

Speaking as a major user of private systems, APCO argued that the trend
of private systems in the public safety radio field testified to a need
for significantly more radio spectrum and greater flexibility in its
use. In its oral presentation to the FCC, the APCO representative sum-
marized the statistical studies predicting heavy growth for public safe-
ty radio use and focused on the varied tasks and systems contemplated
for public safety radio services: responses to the “911" emergency
number; computer-assisted call dispatching; automatic vehicle location;
use of personal radios for foot patrolmen; mobile teleprinters, and
facsimile equipment; use of automatic alarm and signalling devices;
roadside emergency call boxes and highway monitoring systems.5/ Other
1and mobile users echoed APCO's presentation of the need for a suffic-
ient allocation to the private services and the premature nature of a

75 MHz grant to the common carriers.6/

2.2 SECOND REPORT AND.ORDER

The Second Report and Order which set forth the permanent allocations in

1/ Motorola Comments, Dec. 20, 1971; EIA, July, 1972. The EIA is a group of equipment manu-
facturers.
2/ Motorola Comments, Dec. 20, 1971, at V-4 - V-6. The community repeater base station,

shared by a number of private systems, is defined in Section 1.2. See also, Multiple
Licensing Safety and Special Radio Services, 24 FCC 2d 510 (1970).

3/ RCA, Dispersed Array System, Dec. 20, 1971.

4/ General Electric, Dec. 20, 1971. The General Electric system would operate like a tele-
~ phone exchange where channels are assigned when a user calls in and reassigned at the ter-
mination of the call. With computer switching, GE maintained, a shared, multi-channel system
can achieve great effeciencies over analogous multi-channel systems that are switched by oper-
ators manually or with automatic terminals.

5/ Argument on Behalf of APCO and International Association of Chiefs of Police (ICAP), by
James R. Cooke, May 15, 1973, Tr. 774-84.

6/ Land mobile parties appearing at the Oral Argument were the National Associati i
6, r : ation of Busin-
ess and Educat?ona] Radio, Inc. (NABER) and Special Industrial Radio Service Association,
Inc. (SIRSA). Equipment manufacturers, wireline common carriers, radio common carriers, and
broadcasters also argued before the Commission. ’




the 900 MHz band reflected all of these views plus the considerable
internal study of the FCC staff.

2.2.1 The Allocation Decisions: The Second Report and the Opinion on Recon-
sideration

In the Second Report and Order, 46 FCC 2d 752 (1974), the Commission
adopted AT&T's proposal for celinlar systems for public mobile telephone
service, ruling that only cellular systems operated by wireline tele-
phone companies would be licensed for public service at 900 MHz. The
cellular systems were given 40 MHz with which to provide two-way mobile
telephone service, one-way paging cervice to individuals, and some dis-
patch service to individuals, but not the "fleet dispatch" commonly em-
ployed in private systems.1l/ The Commission determined that the ex-
pense, spectrum requirement, and wide coverage of a mature cellular sys-
tem dictated that only one system in each urban area would be feasible.
To meet the concerns of radio common carriers and others who feared the
competition of comprehensive, subsidized cellular systems, the Com-
mission limited telephone companies to one cellular system, which must
be provided by a separate subsidiary of the wireline carrier.2/

For private systems, the Commission authorized 30 MHz of spectrum, two
technologies, and four means of obtaining service.3/ The technologies
were "“trunked" (or computer-switched) systems and "conventional" sys-
tems as used in the lower bands.4/ The trunked systems were clearly
encouraged, however, as the Commission allocated 25 MHz to trunked
applications and only 5 MHz to conventional applications.b5/ Standards
were set forth for both trunked and conventional systems, governing
antenna height, power, emission, and other operating parameters.b6/

For purposes of separating co-channel systems and the establishment of
ctandards for channel lpoading, conventional systems were further classi-
fied into urban and suburban systems de ending on the location of the
base station.7/ In addition, "channel ?oading standards" or specified

1/ 46 FCC at 760-61. “Fleet dispatching", in which a base station contacts all mobile units
~  simultaneously, was not allowed in cellular systems, since fleet dispatching involved
radio usc inimical to the one-an-one communications with which re-use of frequencies by cells
is most feasible. Dispatch service of all kinds, however, had been a staple of the smaller,
competitive radio common carriers and private radio systems, not the monopoly-based wireline
companies, and the entry of the monopoly carriers into the dispatch market was strongly
opposed by noun-wireline parties.

2/ 46 FCC 2d at 760.
3/ The four methods are discussed at Section 4.1.2.

4/ Conventional systems may have more than one channel and may be shared by several users by
means of an automatic terminal or a manual dispatcher. The differences between conven-
tional and trunked systems are distussed in Section 1.2.

5/ Because the Commission viewed trunked systems as more efficient, conventional systems
seem to have been considered interim systems pending the availability of economic
trunked systems. 46 FCC 2d at 754-55, 771-72.

6/ The final technical rules are embodied in Subpart S of Part 89. A summary of the tech-
nical requirements are discussed below at §2.2.2.

7/ 46 ECC 2d at 774-75. Because of the anticipated trunked technology and improved radio

equipment, and because of the 45 MHz base-mobile separation, the Commission determined
that adjacent channel protection would not be given to trunked systems or the “interim" con-
ventional system. Id. at 773.




2.2.2.1

2.2.2.2

2.2.2.3

numbers of mobile units per channel were adopted as the primary
mechanism for assuring efficient use of each channel. In the 900 MHz
band, channels were to be selected by the FCC staff from a single pool
of frequencies, and each channel in a geographic area was to be loaded
with applicants up to its maximum number of mobiles before the next
channel in the pool would bLe assigned.

Licensing Criteria

General
The FCC has adopted regulations guiding the allocations of channels to

potential users. A summary of these rules, as they apply to the public
safety users of the 900 MHz spectrum follows.

Limitations on Power and Antennae Height

The Commission has established tables of antennae heights v. effective
radiated power (ERP) for base station operation. For trunked systems
and urban conventional systems the ERP shall be no greater than 1000 W.
and the antenna heights no greater.than 1,000 feet above average ter-
rain (AAT). For suburban conventional systems, the maximums shall be
500 W. and 500 fcct AAT. Depending upon the required radius of couver-
age, these figures must be scaled down in accordance with the Com-
mission's tables.

The maximum power output of the transmitter for mobile stations is
100 W.

For the definition of "urban area" see the list of the fifty major
metropolitan areas 1in Section 89.751(h) of the Rules.

Channel Loading Criteria

In conventional type systems, channel loading criteria for public safety
systems are as follows:

Police and Fire Other Services
Single license user 50/100 150/300
2 to 5 licensees/users 40/80 125/250
over 5 licensees/users 30/60 100/200

Numbers indicate the number of mobile units per channel/number of port-
able units per channel. For the purposes of channel loading, the Com-
mission considers one mobile unit the equivalent to two portable units.

The number of mobile units required per system 1in a trunked system is:

5-channel 10-channel 20-channel

system system system
Police and Fire 300 750 1500
Other Services 400 800 1600

For the purposes of loading criteria, no distinction is made in trunked
systems between mobile and portable stations.

The following criteria pertains to the establishment of 900 MHz systems
near the borders of Canada and Mexico:
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a) No base stations will be authorized within 100 miles of the
Canadian/U.S. border; and between 100 and 125 miles of the
Canadian border such stations will require special arrange-
ments between the FCC and Canada. Between 125 and 145 miles
500 W. ERP and 500 feet antenna height will be the maximum
allowed. Beyond 145 miles the usual rules apply. Mobile
units may not operate within 90 miles of the Canadian border
and within 145 miles are limited to 200 W. ERP. All stations
within 250 miles of the border will be authorized only on the
condition that no harmful interference to Canadian TV results.

b) Presently, base stations are authorized within 85 miles of
the Mexican border in California, but not within 100 miles
in Texas, New Mexico and Arizona. The attenae heights and
power restriction are in effect in California between 85 and
and 125 miles and between 100 and 125 miles in the other States.

2.2.3 Frequency Assignment and Coordination

To accommodate the enlarged FCC staff role in assigning and loading
channels, the procedures for processing applications were modified from
practices that have been followed with applications for the lower radio
bands. Because of the tremendous volumes of applications under Parts
89, 91, and 93 of the Rules, the FCC staff relies on certain technical
criteria and voluntary frequency coordination efforts to eliminate non-
compliant or non-compatible applications. Applications for licenses in
the 150 MHz., 450 MHz, and 470 MHz bands are checked against specific
rules for power, emission, antenna height, numbers of mobile units and
the like, and non-conforming submissions are usually returned. The re-
mainder are granted on a fairly routine basis since competitive protests
are not allowed and mast technical or frequency problems are solved by
the service's frequency coordinator or advisory committee.l/

The Commission proposed to adopt the same system at 900 MHz because of
its familiarity, but with the important difference that the staff would
make the frequency assignments, including shared assignments, from one
pool of frequencies, rather than relying upon the tentative assignments
from a service pool of frequencies recommended by the volunteer fre-
quency coordinator.2/

The matters of frequency assignments, mandatory shared channels from one
large pool, and the “first in/first out" processing system, were, in
fact, larger changes in the licensing procedure than the Second Report
appeared to have recognized. At the lower bands, frequency selection
and sharing of channels are worked out largely by coordinating com-
mittees of users in the various radio services, working with pools of
available frequencies. While these committees have an advisury role,

in practice their frequency selections are made after considerable work
with the applicant and are normally accepted by the FCC staff who then

1/ In the lower bands, most services have an association of licensees who perform frequency
selection advisory services for new applicants. The Commission has recognized the value

of private frequency coordinating organizations such as APCO and has relied on them for help in

resolving interference problems. Docket No. 18261, Second Report and Order, 22 RR 2d 1691,

1704-05.

2/ 46 FCC 2d at 769-70. Recently the FCC has undertaken a review of frequency coordination
~  procedures for the 900 MHz band to consider, among other things, whether the user-provided
frequency coordinator should not be accorded a greater role than was originally contemplated.
See also, Notice of Inquiry, Docket Ho. 21229, FCC 77-287, May 17, 1977. See Appendix [
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make the formal assignments.1/ With the staff assuming responsibility
for all frequency selections at 900 MHz and assigning the frequenciec
from one 1arge pool rather than from service pools or blocks, appli-
cgnts may find themselves without the detailed planning and support ser-
vices rgndered by the frequency coordinator. The "first in/first out"
processing system and the possibility of mandatory sharing of channels
by compaﬁlble systems may result in a mixed pattern of radig systems
and sgrv1ces_on the same and adjacent channels .2/ Unlike the system
]Oqg 10 use in the lower bands, users wili have lillle assurance as to
which frequency will be operated in their geographic or spectrum vicin-
1ty and therefore what possibilities for future growth are available.

Fina?]y, this procedural system is to be applied to the four means of
providing service authorized by the Second Report.

Methods of Service
—1€thods of Service

As in the lower bands, individual oOrganizations eligible for lTicenses
under Parts 89, 91, and 93 of the Rules can apply for one or more dis-
crete channels for a single-user private system.3/ Eligible organiza-
t1ons_can also apply for channels as a group proﬁbsing shared use of the
fac1]1ty and its management by one of the sharers or a non-profit radio
service entity.4/

As a third alternative, eligibles can procure service from an entre-
preneur called a Specialized Mobile Radio System {(SMRS), who is licensed
to offer base station service on a profit-making basis.5/ SMRS entre-
Preneurs are to stand in the shoes of their eligible customers regarding
compliance with technical rules and use of the facilities. However, no
regulations will be made regarding rates charged to SMRS Customers, and
SMRS will not be considered radio common carriers. According to the
Lommission, the authorization of a profit-making SMRS would attract cap-
ital needed for trunked systems and the radio expertise needed but un-

1/ -These coardinating committees, including APCO, arc normally established within geographic

regions so that local users work together to achieve the best use of the frequencies allo-

cated to their services in the area.

2/

3/

The only modification from the "first in/first out" assignment plan seems to be in the case
of community repeater systems, as discussed below.

The reader should recall that the trunked or conventional techno!ogies apply to the number
of channels in the radio system, regardless of the means of providing the system.

Under

the current Rules, Section 89.805, any radio system needing more than 5 channels must use
trunked technology.

4/ 46 FCC 2d al 762-63.

5/ An SMRS is an equipment supplier or other entity which designs and builds base station

facilities to be used by one or more private radio stations.

The differences between SMRS,

community repeaters and radio common carriers are discussed in Section 1.2.




avajlable to many smaller eligibles.1/ However, the Commission re-
quired the SMRS applicants to show that the control points and mobile
units used with SMRS would be owned and operated by eligible individuals
or organizations.2/

The fourth alternative is service from a traditional community repeater

operator who supplies base station facilities that are licensed to a
number of eligible organizations.3/

2.3 THE RECONSIDERATION DECISION

Virtually every aspect of the Second Report was contested in petitions
for its reconsideration. The decision to license only wireline carriers
to operate cellular systems was attacked by non-wireline carriers 4/
while AT&T objected to the reduced allocation for cellular systems and
the requirement of a separate corporation to offer the mobile service,
designed to protect competing carriers from a subsidized cellular sys-
tem.5/ The decision to license SMRS to offer service for profit but
not to regulate them as common carriers was also controversial, with a
number of parties arguing that the Commission had no authority to ab-
stain from common carrier-type regulation of any entity offering com-
munications service to others.

Other parties urged the error of federal preemption of state regulatory
actions in the 900 MHz area,6/ the ambiguity of the "ancillary" dis-
patch services allowed by ceTlular systems, the restrictions on the num-
ber of trunked systems operated by equipment companies,/7/ the failure
to provide for non-voice communications and limited fixed operations and
the mechanisms to facilitate the movement of users from lower bands to
900 MHz in phases.8/ The problem of reallocating UHF-TV channels for
land mobile in the U.S. while TV systems operated on the same channels
in Canada and Mexico was alsu brought out.

1/ 46 FCC 2d at 764-67, 781.

2/ 46 FCC 2d at 769, 789. An SMRS offering service to the public at large rather than to

only a few eligihle organizations would be in competition with the radio common carriers
whose rates are requlated by the state regulatory commission. Limitations on the number and
type of customers served by SMRS are therefore key to their unregulated status.

3/ Community repeaters are discussed extensively below. See Section 4.1.2.5.

4/ Petitions for Reconsideration of Airsignal International, Inc., NARS, AT&T. Motorola
advocated restricting cellular systems to an initial 12.5 MHz grant until the.developmental
phase proved the viability of the concept and sufficient demand for the service developed.

5/ Petition for Reconsideration of AT&T.

6/ The Commission delermined that orderly and efficient development of the 900 MHz spectrum

~  required a nationwide plan. Accordingly, its federal powers were asserted to prevent any
contrary state action such as regulation of SMRS as radio common carriers. 46 FCC 2d at 766-67.
The National Association of Regulatory Utility Commissioners (NARUC), an organization of state
regulatory officers, challenged this point in particular.

7/ Petitions for Reconsideration of Motorola and Land Mobile Communications Council, an organ-
ization representing mobile radio users.

8/ Petition of Land Mobile Communications Council.
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nNgeles area and pledged a degree of flexibility in applying its techni-
cal rules whgre other unique situations required consideration.3/ Non-
voice communications were allowed in single-user systems and iﬁ_trunked
systems if used for establishing and maintaining communications within
the trunked system, and other minor technical revisions were made.4/
On other policy 1ssues, the Commission stuck by i1ts decision to encour-
age trunked systems over conventional systems 5/ and to require
efficient use of all assigned channels through the mandatory loading of
channels with mobile units shortly after licensing.6/ The decision to
have the FCC staff assign all channels from one pool of frequencies, on

1/ S]thC 2d at 959. Appendix B to the decision gave a further legal defense of the SMRS
option.

2/ 51 FCC 2d at 961. In this passage the Commission affirmed the intent to license SMRS with-
out regard to the need for the service or economic protection to other entities. The bene-

fits to be derived from the open-entry SMRS policy were set out at 962-72.

3/ Id. at 979-80. The geography of the Los Angeles area was said to frustrate the urban-
suburban spacing scheme for conventional systems, and the rules were modified to allow
"wide area coverage: by stations exceeding the normal technical limits, one kilowatt of power

and an antenna placement over 1000 feet above average terrain.

4/ 1d. at 980-82. Non-voice or digital communications are used in certain vehicle location
systems, and tone-only paging systems. It is expected that public safety systems will

incorporate additional digital communication features.

Conventional systems are limited to five channels; larger systems must use trunking tech-
nology. Id. at 983-85.

The decision requires a private system to be loaded with 70% of the mobile
[f channels are not 70%

5/

6/ 1d. at 983. ) e
units specified on the application within 8 months from licensing.

loaded within the time 1imit, other applicants can be assigned to the same channel until its
loading maximum is reached. Additional channels may be assigned to a system when 90% of the
mobile units specified as the channel maximum have been placed on the channel.




a "first in/first out" basis, was also affirmed although limited modi-
fications were made.l/ The Commission acknowledged the problem of
incompatible land mobile and UHF TV systems operating along the Canadian
border, and its Rules provided that U.S. land mobile systems should
operate on a secondary basis to any Canadian or Mexican TV stations. 2/
At the same time assurances were given of further effort at coordination
at some time in the future. 3/

2 4 THE COURT APPEALS

In court appeals of the Second Report and Reconsideration, parties
challenged the allocation of 40 MHz rather than 64 MHz to cellular sys-
tems, the authorization of SMRS on a non-common carrier basis and feder-
al preemption of state actions in the 900 MHz area.4/ The United
States Court of Appeals for the District of Columbia circuit affirmed
the FCC on all points, although reluctantly in the case of several
aspects of the 900 MHz plan. For example, the cellular system approach
and its 40 MHz allocation were challenged as granting the Bell System an
effective monopoly over the urban radio-telephone market including dis-
patch services.5/ The Court found the Commission's 40 MHz allocation
decision to be "precisely the sort that Congress intended to leave to
the broad discretion of the Commission, by imposing a broad public con-
venience, interest or necessity standard."6/

The SMRS decision also drew a lengthy analysis from the Court, address-
ing the nature of common carriers and the application of common carrier
principles and regulation. The Court held that the single most distin-
guishing characteristic of a common carrier is an undertaking or "hold-
ing out" to serve all members of the public without discrimination.7/

1/ For example, the Commission limited amendments to applications which proposed a substantial
change in ownership of systems, so that applicants could not sell a place in the processing
line.

2/ 1d. at 949; Section 89.751(g) of the Rules.

3/ The border problem was also discussed in Docket No. 18261, 22 RR 2d 1691, 1710; and it re-

mains unsolved. The FCC is currently engaged in preparation for the 1979 World Administra-
tive Radio Conference (WARC) at which the international and Western Hemisphere allocations in
the 900 MHz band will be discussed. See, Fifth Notice of Inquiry, Docket No. 20271, FCC 77-
349, May 23, 1977. ___

4/ NARUC v. ICC, 525 . 2d 630 (D.C. Cir. 1976). The Court initially stayed the effective-

ness of the Commission's decisions to license SMRS pending review by the Court. The stay
was lifted when the Commission was affirmed, and the Supreme Court refused to stay the FCC
action further.

5/ 1d. at 636-39; see also, Brief for Petitioners NRS and I11inois Association of Radiotele-
phone Systems.

6/ 525 F. 2d at 636. At the same time the Court acknowledged the pro-monopply aspects of
cellular systems and held open the prospect of future antitrust challenges to the systems
if their anti-competitive potential came to fruition. Id. at 647.

7/ Id. at 641-42. The act of "holding out” or offering service to the public indiscriminately
~  distinquished common carriers from private carriers, in the Court's analysis, although
both may serve specialized portions of the public and large clienteles. The common carrier's
holding out to the public gave rise to the common law doctrine of a duty to serve all comers up
to the capacity of the system, in contrast to private carriers who may choose their customers.
525 F. 2d at 642.




Since the SMRS, as projected, would solicit and serve only a few custom-
ers on a long-term contract basis, the Court approved their classifica-

tion as non-common carriers.l1/ However, the Court added, "our holding

1S subject to future challenge should SMRS in practice behave as common

carriers."2/ The Supreme Court refused to review the Court of Appeals
decision, Teaving it the law of the land regarding the deliberations of

Docket No. 18262.3/

3. REMAINING ISSUES

3.1 LINGERING LITIGATION

Following the Court of Appeals decision, the focus of litigation shifted
to the FCC. I1linois Bell Telephone Co. (IBT), an AT&T affiliate, pro-
posed to build a developmental cellular system in the Chicago area. The
IBT plan involved 21 MHz of spectrum and $23.5 million tor a system to
cover an area over 48 miles.4/ The IBT proposal was attacked by a
group of Chicago radio common carriers as beyond the guidelines set out
by the Commission for developmental systems and prohibitively expensive
and expansive for an initial model system.5/ The Commission agreed
with the criticism of the IBT plan and suggested its revision.6/ Ulti-
mately, a compromise was reached between the FCC and AT&T, and the re-
v1seq IBT proposal was approved as a two-phase plan for equipment and
scrvice tests and Lhen commercial operation.7/

1/ 1d. at 643, the Court said:

The nature of the dispatch services which SMRS will primarily offer appear
necessarily to involve the establishment of medium-to-long-term contractual
relations, whereby the SMRS supply the needs of users for dispatch facil-
1ties for a period of time. In such a situation, it is not unreasonable
to expect that the clientele might remain relatively stable, with termin-
ations and new clients the exception rather than the rule. It might even
be that the turnover will he sufficiently minor that, except for the com-
mercial mode of operation, SMRS will be much 1like non-profit community
repeaters.

2/ 1d. at 647.
3/ NARUC v. FCC, 425 U.S. 992 (1976).

4/ Application of I11inois Bell Telephone Co. for Authority to Construct a Developmental Cellu-
Tar System at Ten Sites at Various Locations in the State of I1linois, filed July 21, 1975,
File No. 20115-CD-P-76.

5/ The criticisms were directed to the size of the cells (8-mile radius), the height of an-
~ tennas and the minimal frequency re-use proposed. Petitions to Deny or objections were
filed by Rogers Radio Communications Service, Inc., NARS, Radio Relay Corp.-I11inois, Motorola
and the T11inois Association of Radiotelephone Systems, Inc.

6/ Letter of July 15, 1976, from Vincent J. Mullins, Secretary, FCC to I1linois Bell Telephone.
" The FCC required the use of only 12.5 MHz in two blocks of 6.25 MHz each and suggested a
two phase approach of tests and then full-scale operation. The Bell System and other parties
petitioned for reconsideration of this latter decision.

7/ Order, FCC 77-166, (March 10, 1977). Appeal pending, NARS v. FCC, 77-1357, (D.C. Cir. ij-
T ed April 11, 1977). The Commission accepted a plan for independent tests of equipment if
the Chicago system were scaled down to 10 cells and 135 mobile units during the Phase 1 tests
of equipment and service. [11inois Bell was further required to obtain agthor1§y for com-
mercial operation of its system following the test phase and to file detailed financial reports.




for private systems, more serious litigation centered on the role of
community repeaters in the 900 MHz plan. NARS and General Electric
petitioned for clarification of the Reconsideration opinion on this
point, arguing that the similarity of unlicensed community repeaters

to the licensed SMRS caused great confusion in the industry and in the
Court appeal challenging SMRS.1/ General Electric maintained that few
entrepreneurs would develop and offer the efficient, trunked SMRS sys-
tems, under FCC licensing, if unlicensed community repeaters could offer
shared services to single-user and conventinnal systems free of all re-
strictions.2/ In a brief Memorandum Opinion and Order, 55 FCC 2d 771
(1975), the Commission repiied that the community repeater option would
be available at 900 MHz since it seemed to meet the needs of many
users.3/ However, the Commission noted the method of "first in/first
out" frequency assignments by the staff, plus the mandatory sharing of
channels until maximum numbers of mobile units are reached, as probable
limitations on the utility of community repeaters:

(W)e acknowledge that the practice may have limited
application at 900 MHz. There we plan to assign
frequencies on a 'first in-first out' basis and

there will also be "verticle" loading (mandatory
sharing). These features will for practical reasons
restrict 'multiple licensing' of '‘community repeaters.’

52 FCC 2d 773.

The question of accommodating community repeater operations with the
staff frequency selection rules illustrated the conflicts between the
new rules and those radio systems having unique requirements as to who
they serve and how service is rendered, such as public safety systems.4/
That is, frequency assignments by the FCC staff on the "“first in/first
out" basis could result in shared frequencies between repeater and non-
repeater customers, preventing economic loading of the repeater base
station. For multi-channel community repeater operations, the problem
of mechanistic frequency assignments by the FCC would remove assurance
of envugh customers to pay for the facilities. With these practical
difficulties, the Commission seemed to suggest that the spectre of un-
licensed community repeaters undercutting expensive but efficient SMRS

1/ NARS, Petition to Refrain from Granting Licenses Pursuant to Applications Filed for Author-
izations in the 900 MHz Band Involving Entrepreneurial Community Repeater Operations,

June 19, 1975; General Electric Co., Petition for Clarification Or, Alternatively, for a Declar-

atory Ruling, May 23, 1975, and related pleadings.

2/ General Electric Petition at 6-8, 11-14; Supplement to Petition at 1. A key assumption of
T the parties was the expense anticipated for computer-switching base stations. A full com-
puterized system was assumed to be economical for eligibie users only if it was large enough
to accommodate several thousand mobile units on at Teast five channels. The few-single-user
systems large enough for trunked operations were considered sophisticated enough to operate
their own systems, and the entrepreneurs pegged their hopes on shared systems for many smaller
eligibles.

3/ The Commission acknowledged some problems with community repeaters which were at issue in
Docket No. 18921. &6 FCC 2d at 773.

4/ As discussed in detail below, public safety radio systems have unique requirements for iong-
term planning and growth and for designation and use of channels by function (special

squads or patrol areas, for example) rather than by numbers of mobile units. Neither the long-

term planning need nor functional designation of channels is consistent with a rigid applica-

tion of "first in/ first out" frequency assignments or by maximum loading of channels by arbi-

trary numbers of motile units.




would recede.l/

THE "CLARIFICATION"

in Noyembert 1976 the Safety and Special Radio Bureau released a lengthy
C]aryflca§1on of New Policies and Practices Governing the Assignment
and Licensing of Conventional Systems of Communication at 900 MHz "2/
which discussed the practical steps in assigning frequencies to camﬁun-
ity repeaters, customers, and other radio applicants. The Clarification
explained ?he processing system for conventional systems, the urban-
suburban distinction, eligibility, restrictions on use, channel Toading
requirements and frequency assignments. Of particular interest was the
announcement that a degree of flexibility would be used in assigning
frequeQCIes, including accommodation of community repeater operations by
assigning five channels for the use of repeater customers in a given
area.3/ This accommodation of formerly rigid standards to the unique
needs of individual systems may be of significance to public safety sys-
tgms planned for the 900 MHz band. The Clarification emphasizes that
“in every case each proposal will be examined to determine the require-
ments of the applicant" and that “"consideration will be given to the
mode of operation planned and the purpose for which it is to be used,

and . . . other factors, includ(ing) the technical features of system
des1gn._ (I)t is provided that applicants in one service group will not
be required to share with applicants in other service groups." The

C]grification also affirmed that the "Commission may take into consider-
ation any other factor which might enable the persons licensed to use a
given channel in more efficient and effective ways."4/

In a Petition for Relief of December 27, 1976, however, the National
Association of Radiotelephone Systems (NARS) asked the Commission to
nullify the Clarification as a substantive modification of the Com-
mission's Orders and beyond the authority of the Safety and Special Bur-
eau Chief. NARS argued that the "back door" assignment of five channels
to community repeaters would firmly establish that practice at 900 MHz
with all the problems of its unliccnscd opecration, and discourage any
licensed SMRS from the more expensive trunked system.5/ Motorola
opposed the NARS Petition, arguing the utility of community repeater op-
erations for single-user systems and the propriety of a statement from
the staff explaining actual processing matters.6/ The NARS pelilion is
still pending before the Commission, but processing of 900 MHz applica-
tions is proceeding in the meantime.

1/ Community repeater defenders point out its efficiencies and shared nature as consistent

with the 900 MHz plan. Without direct control over the base station, however, it is not

clear that the Commission can force channel loading to maximum levels by community repeaters
or remove a possible incentive to monopolize desirable antenna locations and available frequen-

cies.

FCC Public Notice 73035, Nov. 24, 1976, (hereinafter cited as “Clarification").

Clarification at 8.
Id. at 9, quoting Sec. 89.803(c).

NARS Petition at 15. It was assumed that the 900 MHz community repeaters would operate
conventional systems, possibly with some switching, but that the Commission would have no

means of forcing larger community repeaters to use trunked technology when the five-channel
maximum for conventional systems was reached.

6/ Motorola Opposition, Feb. 4, 1977. nal on-
~  ess and Fducational Radio, Inc. (NABER) also opposed the NARS Petition. Opposition,

A major user group, the National Association of Busin-

Feb. 4, 1977.
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1.2

PRESENT STATUS

As a result of the Clarification and other policy initiatives, signifi-
cant leeway has apparently been introduced into the "first in/first out"
channel assignment process. For example, SMRS are given two years in
which to build and load their systems, and no non-SMRS applicants will
be assigned to the SMRS block of channcls during the two-year period.l/
In addition, competing SMRSs will be licensed in the same area, and no
SMRS will be required to serve any unaffiliated applicant even though
the applicant may be compatible with the existing SMRS customer. A sim-
ilar flexible attitude has evolved regarding trunked systems; while the
FCC will require trunked technology for any single system of more than
five channels, there is apparently no bar to an application for a second
or third conventional system by the same licensee.Z/

SUMMARY OF SYSTEMS CURRENTLY AUTHORIZED AT 900 MHz

The result of nearly ten years of litigation in the 900 MHz area is the
authorization of three technologies for radio systems and five types of
servides for the systems. £Each system and service is briefly summar-
ized below.

Technologies

Cellular Systems

Cellular systems
among many cells, computer-switching and very high capacities are re-
quired for public mobile telephone systems. Public systems may offer
two-way, paging and ancillary dispatch service. There appears to be no
reason why the Commission would not also consider cellular technology
for private systems, if the appropriate technical criteria can be met,

although the Commission's decisions do not discuss this use.3/

featuring city-wide services, re-use of frequencies

Trunked Systems

Trunked technology authorized for private systems also involves computer
switching among five or more channels. In contrast to cellular systems,

Y,

2/

Non-SMRS applicants are required to build and load their systems with 70% of the mobile units
specified in the application within 8 months. Section 89.802.

The rules are not explicit on this point, but appear to be consistent with such an inter-
pretation. At least the Commission has not indicated a different view although obviously

policy considerations could be raised. In fact, the channel assignment system may encourage a
licensee to apply for a second conventional system rather than a larger trunked system, because
the frequencies given trunked systems are far removed from those for conventional systems. If
a conventional system has grown and needs more channels, it faces the choice of receiving five

or

more channels for a trunked system and relinquishing its initial channels because they are

incompatible with the trunked channels or because the applicant cannot justify.both the conven-
tional and the trunked channels, or of designing a second conventional system in order to re-
ceive channels near its initial assignment.

3/ The RCA Dispersed Array System, for example, proposed a dispatch operation using cellular

technology. RCA Comments, Dec. 20, 1971.




trunked systems function by frequency re-use on an instantaneous time
basis rather than the geographic re-use inherent in the cellular system
concept. Trunked technology is required for private systems using more
than five channels up to a limit of twenty channels per system. FCC
Rules prescribe antenna heights, power, emission, short-term and long-
term channel loading standards in numbers of mobile units 1/ and
eligible users for trunked systems.

4.1.1.3 Conventional Systems

Conventional systems at 900 MHz will be authorized to eligible users to
operate as single channel or manually switched multi-channel systems
analogous to systems in the lower frequency bands. According to the
Clarification, conventional systems may use automatic terminals and
trunking techniques if desired, but trunking will not be required.
Efficient use of conventional systems will be encouraged by short-term
and long-term channel loading requirements and shared frequency assign-
ments, made by the FCC staff, where necessary to load a channel in a
particular location.

4.1.2 Services

4.1.2.1 Common Carriers

Common carriers will be autharized to provide cellular mobile service to
the public. If the carrier is a wireline telephone company, its commer-
cial (not developmental) system must be provided by a separate subsid-
iary corporation whose costs and revenues are distinct from the monoply
base of the parent carrier. Non-wircline carriers may operate cellular
systems without a separate corporation, and joint applications from
groups of carriers will be accepted.

4.2.2.2 Private Systems

For private systems, eligible organizations under Parts 89, 91, and 93
of the Commission's Rules may apply for single-user systems. If more
than five channels are needed in one system, trunked technology must be

proposed.

4.1.2.3 Shared Systems

Eligible users may also apply for a shared system to be managed by one
of the sharers or by a non-profit coordinating committee or organiza-
tion. In the case of shared systems, the channel loading criteria will
follow the highest level of mobile units of the services involved, and
trunked technology will be required if more than five channels are

1/ The phrase "short-term and long-term" channel loading requirements refers to the requirement

that applicants be prepared to load channels with 70% of the mobile units applied for within
eight months of grant of the application. The long-term channel loading standards require an
applicant to show that the channel handles 90% of the mobiles specified in the Commission's
Rules as the maximum for the use made of the channel before additional channels are assigned.
Channel loading criteria differ from trunked and conventional systems and by radio services --
public safety, business and industrial, taxicab, land transportation, etc. See Section
89.801-803 of the Commission's Rules. -




4.1.2.5

5.2

needed by a single system. A shared system managed by a non-profit en-
tity will stand in the shoes of its members in terms of use of the Sys-
tem, technical criteria and the like.

SMRS

Eligible users may take service from a (possibly) profit-making manager
called a Specialized Mobile Radio System entrepreneur or SMRS. The SMRS
will be licensed only for base station facilities; its customers must
submit applications for control points and mobile units specifying an
agreement to use the SMRS service. Further, the SMRS base station lic-
ensee is bound to offer trunked technology if more than five channels
are needed, and to follow the Rules for technical criteria and use of
the system prescribed for single-user and non-profit shared systems.

Community Repeater

A final type of supplier is the traditional community repeater vendor
who provides base station facilities that are licensed in the name of
the customers. A community repeater customer normally applies as a
single-user for base station, mobiles and control points under the
single-user, conventional system procedures. To accommodate community
repeater service, the FCC staff may set aside a five channel group of
frequencies for assignment to community repeater customer applicants.1/
Short-term channel loading standards will be applied to the applicants,
but the requirement of trunked technology for systems of more than five
channels is uncertain. The Clarification seems to indicate that additi-

onal five channcl groups will be assigned to users of community repeater

systems, without regard to trunked technology, if the first five chan-
nels are 90% filled.

THE REMAINING REGULATORY ISSUES

For public safety radio users, a number of questions remain regarding
the legal framework set up for 900 MHz systems. For example, will the
requirement for trunked technology with SMRS systems or any operations
of more than five channels be suitable for public safety systems?2/

For example, fleet dispatching requires a call to all mobiles, inter-
rupting other conversations if necessary. Will trunked systems have the
ability to handle fleet calls as well as individual calls to the base
station and other mobiles? :

A second major question is to what extent would an SMRS type of opera-
tion be usable by public safety entities? Does the fact that an SMRS
operator might be an "outside™ business entity make a difference to the
public safety entity? Or, to what extent would an SMRS-type facility,
operated by a governmental entity for its varied communication needs, be
desirable? Is the SMRS option, as created by the FCC, advantageous from

1/ As noted earlier, this procedure is not subject to objection in a petition filed by MARS,
pending before the FCC.

2/ Indeed, APCO has expressed grave doubts whether trunked systems will ever reach their

efficiency potential with the unique and varied requirements of public safety radio sys-

tems. See APCO Reply Comments, Docket No. 20271, March 4, 1977, p.3.




a public safety viewpoint?

5.3 What will be the role of cellular systems or technolocy in serving pub-
1ic safety radio systems? Can cellular technology be adapted to all or
<ome of the communications needs of an urban public safety system? Will
the 20-channel limit on private systems or other technical requirements
for private systems frustrate the development of private systems? Could
the common carrier cellular system offer a cost-efficient means of serv-
ing some or all of public safety radio requirements?

5.4 How does the 900 MHz requlatory scheme accommodate the long-term plan-
ning requirements and other unique aspects of public safety systems?
The "first in/first out"” frequency assignment method determined for
900 MHz applications removes the assurance of a related block of fre-
quencies for the growth of radio systems. At the same time, public
safety radio systems have seen steady growth in the size, complexity
and sophistication of communications systems. The prospects for the
future indicate even larger systems -- many operated in conjunction with
other local government entities. These comprehensive systems call for
detailed planning, budgeting, approval by appropriate local authorities,
and possibly phased cut-over from older radio systems. In short, they
require extensive and intricate planning by state and local agencies as
well as implementation over a long period of time as compared to smadl
private systems. If the "first in/first out" assignment system, the
short-term channel loading criteria, and the mandatory channel sharing
option are applied rigorously by the FCC staff, will such comprehensive
cystem planning and implementation be possible?

The need for channel assignments by function rather than by strict num-
bers of mobile units is also unique to public safety systems. The use
of a particular channel by one part of the police force or another func-
tional group may be vitally important to effective use of radio in the
tasks of a public safety agency. In former block or pool allocation
schemes, the designation of one or more channels to a particular func-
tion could be accommodated, but the channcl ascignment and loading plan
at 900 MHz seems to preclude functional designations.

The Clarification promised a rule of reason and a degree of flexibility
in frequency assignments, but the potential for mechanistic rules and
mandatory loading requirements is troublesome to radio system planners.
In order to assure the implementation of long-term planning, should
there be some form of "block™ allocation in the 900 MHz band to ensure
the future availability of needed spectrum? How should the FCC take
into account state or local plans for coordinated radio use? How should
the need for functional designations of channels in public safety sys-
tems be accommodated.l/

5.5 The role of APCO and other service frequency coordinators in planning
and assisting 900 MHz applications Ts also open to question. For appli-
cants seeking freuuencies in the radio bands, frequency coordination
committees are recognized by the FCC as the primary mechanism for
selecting frequencies and working with applicants to design interference
free systems.2/ Often this frequency coordination work entails con-
siderable time advising applicants, mediating between possibly con-

1/ For detailed discussion of conclusions regarding these and related questions, see APCO's
Comments on Docket No. 21229 in Appendix I.

2/ Docket No. 18261, Second Report and Order, 22 RR 2d 1691, 1704-06.
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flicting proposals, and encouraging the redesign of systems where un-
foreseen interference creates problems.

The FCC staff's role in frequency assignments to 900 MHz systems and the
contemplated method for staff assignment of frequencies may well suffer
from the absence of the counseling, designing, and mediating functions
performed by the volunteer coordinators. Even if APCO and the other
service coordinators were to continue in advisory roles, the lack of in-
formation as to frequency assignments made by the FCC staff could effec-
tively frustrate their efforts. It is difficult to believe that the FCC
has the resources available on a nationwide basis, needed to perform the
counseling and mediation often required by smaller, local applicants.

In sum, the 900 MHz decisions leave a large hole in the application
process formerly filled by the service frequency coordination committees
and the lack of full frequency coordination work may disadvantage many
applicants and burden the FCC staff. It is for reasans such as these
that the FCC is taking a further look at its policies governing fre-
quency coordination in the 900 MHz band.1/

5.6 Finally, an issue that pervades the whole future of 900 MHz systems is
the ability of the FCC staff to carry out the processing and enforce-
ment role assigned to it. 1he enforcement of technical rules, channel
Toading standards and license cancellations by defunct systems at the
lower bands has been haphazard at best. With the help of frequency
coordination committees, the FCC has barely kept abreast of the flood of
applications it receives. For 900 MHz systems, the FCC staff proposes
to make all frequency assignments, presumably to enforce the eight-month
deadline for channel loading and the 90% loading prerequisite for
assigning additional channels, etc. Although the growth of 900 MHz sys-
tem may be slow in the beginning years, even an optimistic observer must
have concerns as to the availability of the FCC staff to take on these
varied tasks.2/

1/ The topic of staff resources and efforts in spectrum management is now under consideration
in a broad inquiry, Docket No. 21229. Notice of TInquiry, FCC 77-287. May 17. 1977.

Frequency coordination methods are also considered in some measure.

2/ -See Docket No. 21229. Notice of Inquiry, FCC 77-287, May 17, 1977.
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CHAPTER 11

FACTORS AFFECTING 900 MHz SYSTEM PERFORMANCE
ELEMENTS OF THE 900 MHz CONCEPT

INTRODUCTION

Chapter I describes the regulatory history of Docket No. 18262 and the
background that led to the opening of the 900 MHz spectrum for use by
the land mobile radio services. It also describes the present regula-
tory environment and presents some of the unresolved issues that affect
the application of this spectrum to the needs of public safety communi-
cations systems.

This Chapter describes those engineering, economic, and management-
related factors, peculiar to the 900 MHz environment, that also affect
the application of this newly available spectrum to public safety, and
in particular law enforcement, communications systems. This presenta-
tion is not intended to be an exhaustive discussion of all the elements
of law enforcement communications system design, nor is it meant to be
a rigorous, engineering analysis. It 1s intended to present those con-
siderations of law enforcement communications system design and opera-
tion that are, or may be, peculiar to the 900 MHz portion of the spec-
trum under the conditions by which it has been made available to the
public safety community. It will describe those system-related factors
that affect system planning, operation, and implementation decisions.

A discussion of 900 MHz propagation considerations is presented to
yield insight into the probability of coverage throughout a given area.
Concepts employed in the presently envisioned trunked system designs
are discussed to provide a basis for the discussion in Chapter III re-
garding the roles such systems might play in the public safety environ-
ment. Design considerations for 900 MHz equipment are presented to
provide an appreciation of the system-related factors of cost, avail-
ability, maintenance, and training that may affect 900 MHz system im-
plementation decisions.

This discussion is designed to assist the executive level public safety
communications system managers' decision-making process. The technical
aspects of propagation phenomena, noise levels, information handling,
trunking theories, and similar related topics are presented in a sum-
mary, non-rigorous form. It is intended to be a managerial level sum-
mary of the work done by authors listed in the Bibliography, the tech-
nical inputs of the APCO project staff and the APCO Task Groups I and
I1. For more rigorous, academic treatment, the reader is referred to
the Bibliography.

900 MHz COVERAGE CONSIDERATIONS

The history of land mobile communications during the last 25 years has
been marked by the opening of higher and higher portions of the RF
spectrum. Fach of these moves to higher frequencies was accompanied by
uncertainties. How will the new frequencies work? What coverage can
be expected? What equipment problems will develop? MWill different
base station locations, more repeater installations, different network
designs, be required? Will authorized antennae heights and power out-
puts permit the coverage of the required geographic areas with the
needed degree of certainty?

The opening of the 900 MHz spectrum is no different in this regard.

Prior to the Report and Order resulting from Docket No. 18262, little

operational experience had been gained using these frequencies in d

civilian, land mobile, law enforcement type of environment. Even as
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questions relating to trunked system concepts, equipment costs and
availability, and system management prublems must be considered, the
basic question of whether or not these frequencies will permit the re-
quired reliability of communications throughout specified environments,
using practical systems configurations, must be answered.

The following section of this report discusses those inherent proper-

ties of the 900 MHz portion of the spectrum that affect its usefulness
for law enforcement communications system design.

2.2.1 900 MHz Antenna Performance

The area of coverage provided by a 900 MHz system is determined by those
same parameters that determine coverage of lower frequency systems. As
in any radio communications system relying on line of sight transmission
paths, transmitter power, transmitter and receiver antennae heights and
relative gains, system noise, generated either internal or external to
the system, receiver sensitivity and band with characteristics and the
nature and length of the path between the transmitter and the receiver,
are among the more obvious factors that determine whether the system
will pass an intelligible signal between two points. For rigorous
treatment of these considerations and for additional discussion of the
more subtle considerations affecting radio frequency system design, the

reader is referred to the Bibliography.

0f special interest to those considering 900 MHz applications are those
particular factors that result from the characteristics of the shorter
wavelengths that are characteristic of these frequencies.l/

A basic, physical consideration, and one that has long inhibited the
application of the 900 MHz portion of the spectrum to mobile/portable
applications, is the reduction of the effective capture area of 900 MHz
systems' antennae, as a result of the use of these higher frequencies.
As frequency increases, the wavelength of the radiated energy decreases
proportionally and, therefore, the physical length of a resonant antenna
decreases. As the physical length of the antenna gets less, the area
throughout which it captures energy from an electromagnetic wave gets
smaller. Therefore, the receiving antenna picks up a smaller share of
Lhe energy radiated by the transmitting antenna.

For example, a quarter wavelength antenna designed for a 900 MHz system
would absorb only one fourth the amount of energy from a 1000 watt

900 MHz transmitted signal that a quarter wavelength antenna designed to
work in a 450 MHz system would absorb from that radiated by a similar
powered transmitter -- other factors being constant. In many types of
systems, such frequency-dependent losses can be compensated for by in-
creasing the gains 2/ of the smaller antennae, i.e., since higher fre-
quency means <malleF antenna element length, antenna can have increased
numbers of elements or increased electrical length for a given physical
cize with a resulting increased gain. This gain can be used to compen-
sate for the frequency-dependent reduction of capture area.

1/ uavelength in meters = 300 where f is expressed in megahertz. Practical consideration of
system design usually requfres that antenna length (either transmitting or receiving) be an
integral function of 1/4 of a wavelength. Therefore, as operating frequencies become higher,

the physical length of an antenna becomes less. At 806 MHz a typical 1/4 wavelength antenna is

approximately 3%" long.
2/ “Gain" in this context loosely means the amount of energy a given antenna captures

(or radiates) in a desired direction in comparison to some standard radiator, usually a
half wavelength dipole.
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But mobile/portabie system operation places limits on the amount of gain
that can be tolerated. Antenna gain can only be provided by concentra-
tion of available energy, i.e., increasing directivity. Mobile and
portable units must normally be nearly omnidirectional in a horizontal
plane and can only use limited directivity in the vertical plane if an-
tenna pointing is not to become an operational problem.

Base station antennae can normally employ larger figures of vertical
directivity, with resulting increased gain. In some instances where the
needed coverage is not uniformly distributed around the antenna, dir-
ectivity, with resulting increase in gain, can be tolerated in the hori-
zontal plane.

Normal engineering practice calls for system designs that employ the
maximum directivity, and associated gain, that the system geometry will
allow. Therefore, in moving from a lower frequency to the 900 MHz band,
system designers may not be able to rely on increased antenna gain, over
that used in lower frequencies systems in the same location, to compen-
sate for the reduced energy capture that results from shorter wave-
lengths, i.e., the lower frequencies system is already using as much
gain (directivity) as the systems' geometry will permit.

This fundamental system-related problem has, to a large extent, been
overcome in recent years by advances in receiver design technology.

A characteristic of the Y0U MHz portion of the spectrum is the signifi-
cantly reduced level of noise that normally exists in the environment in
which the desired signal must be received. Without delving too deeply
into what constitutes noise generated by sources external to a radio
system, it is sufficient to point out that those noise sources (when
added to noise generated within the system) establish the minimum ampli-
tude of a usable signal, i.e., if a signal is any weaker than the noise,
it will not be intelligible. As a result, even a very weak signal at
900 MHz, one whose amplitude is such that it would be no stronger than
the noise arriving at the receiver in a lower frequency system, can be
copied by a receiver having adequate, and currently available, technical
characteristics.

The technological advances of the past several years that now make

900 MHz a viable approach to mobile communications system design is the
development of receivers having usable sensitivities at these frequen-
cies in the order of .25 to .5 microvolts and that are capable of being
mass-produced at costs comparable with existing equipment.

The above discussion has been presented wilh two objectives in mind:
first, to show the importance of technology in making the 900 MHz por-
tion of the spectrum available for use; the second is to illustrate the
need to maintain a noise-free environment for 900 MHz systems. Should
poorly selected frequencies result in significant intermodulation (IM)
products, should spectrally "dirty" transmitters be permitted, even at
frequencies well removed from systems under construction, or should
other ill-conceived or uncoordinated operations be permitted, exploita-
tion of the system sensitivities made possible by modern 900 MHz tech-
nology will be impossible, -and the usefulness of the 900 MHz spectrum
for law enforcement and other public safety needs seriously compromised.

Shadow Effects

Electromagnetic radiation is normally envisioned as traveling in
straight lines, much like light rays. As a result of this linear path,
shadows often exist behind objects that either reflect or absorb the
incident rays. Close observation of the edges of these shadow areas
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will show that these boundaries are not perfectly defined. There is a
region of transition between full illumination and shadow at the border
(called the Fresnel zone). As the wavelengths become shorter, the
region of transition between illumination and shadow becomes more sharp-
ly defined. The width of this transition region is a function of

(among other things) the wavelength and is inversely proportional to
the frequency.

It is this transition region that permits much of our line of sight
radio communications: however. as noted above, as frequencies increase,
the borders between usable signals and unusable signals become more
distinct. Above the UHF region shadows can exist in which the movement
of a receiving antenna by only a few feet can result in severe signal
degradation. Tests 1/ at 900 MHz have shown that individual varia-
tions from the mean transmission loss at these frequencies can be as
high as 30 db. These tests have also shown that the amplitude of the
variations from the mean path loss is, to some degree, a function of the
absolute field strength and that the variations become larger as the
mean value of the path loss increases. This observation suggests that
higher energy densities, i.e., more effective radiated power (ERP) than
is normally indicated necessary by theoretical calculations, may be re-
quired in some environments to minimize the operational problems that

may be caused by these large path loss variations.

Scattering eftects

Another phenomenon affecting the usefulness of the 900 MHz band for
urban, mobile/portable communication systems is the increased reflectiv-
ity of these frequencies. The short wavelengths involved make energy at
these frequencies more easily reflected by the typical concrete/steel
structures encountered in an urban environment. This reflection, or
scattering effect, caused by the multitude of buildings and other struc-
tures normally existing in a typical city, can result in a distribution
of energy throughout what normally would be expected to be shadow areas.
Experimental data 2/ supports the theoretical conclusion that this
scattering effect throughout an urban community can greatly increase

the percentage of coverage in the zone of interest by "filling in" holes
normally caused by the shadow effects described in Section 2.2.2.

These scattering effects are of great interest to the désigner of urban
law enforcement communication networks. Tests in a typical urban en-
vironment show that this scattering phenomena can have a significant
beneficial effect on overall system performance by providing increased
coverage within buildings, tunnels and throughout the highly compli-
cated propagation paths existing in a typical urban community. :

This scattering, however, is not a completely unmixed blessing. As
cited above, there can be variations as much as 30 db from the mean
propagation loss throughout the area of coverage. However, these
studies have concluded that coverage will be generally adequate for land
mobile communications, and in some cases superior to that available on

lower frequencies. However, “holes" can and will exist.

Building Penetration

The attenuation of electromagnetic energy passing through natural or
man-made structures is a major probiem in portable law enforcement

UHF Radio Wave Propagation in Dalla

s, Texas Base to Mobile Stations for Vertical Polariza-

tion, by N. H. Shepherd, GE Mobile Radio Products Dept., March, 1975.

Ibid.
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system design. The literature indicates that 900 MHz frequencies
penetrate average structures with propagation losses in the order of

10 db to 20 db per 100 feet. As a result, massive structures can cause
shading that prevents usable transmission or reception inside of build-
ings or similar structures. Though somewhat frequency-dependent, this
phenomenon exists at all frequencies. Huwever, evidence exisls that the
scattering effects of 900 MHz systems described above significantly im-
prove the coverage inside buildings and tunnels.

Foliage Loss

The short wave lengths at 900 MHz are susceptible to serious attenuation
from foliage. This problem is particularly difficult to treat analyti-
cally due to the many variables encountered. The losses can be much
greater in summer when trees are in leaf than in winter when they are
barren. Moisture after a rain increases losses noticeably. Different
kinds of vegetation have different amounts of attenuation. A number
often used is 1.5 db loss per meter of vegetation for "average" attenu-
ation. Of more significance, perhaps, is the estimate that foliage
losses at 900 MHz are probably about 25% greater than those experienced
at 450 MHz.

Site Selection Considerations

The generation and transmission of radio frequency power at 900 MHz is
more expensive than at the lower bands. Transmission line loss is of
somewhal gredler system significance at 900 MHz. Conventional RG8/11U
transmission line has a loss of 2.8 db per 100 feet at 150 MHz. 1Its
loss at 900 MHz is 6.8 db per 100 feet. 7/8" copper foam flex has a
loss of 1.7 db per 100 feet, and air dialectic coaxial cables (with
their attendant expensive pressurization systems) cause loss in the
order of 0.5 db per 100 feet at 900 MHz. This implies that if the
transmission loss between the transmitter and the antenna is not to be
exhorbitant, transmission line runs must be kept reasonably short.

These loss characteristics indicate that fixed sites must be selected
with some degree of care. As a rule of thumb, the radius of the area of
coverage is directly proportional to the square root of the antenna
height. Antenna height v. ERP is a basic trade-off consideration in
systems design. Practical considerations prevent the radius of cover-
age from being increased to a great degree by increasing the height of
the mobile or portable receiving antenna. Therefore, base station
heights usually must be the maximum possible, consistent with terrain
and area of coverage requirements. In the typical system, the need for
maintenance accessibility and structural cost considerations prevent

the location of RF generating and receiving equipment at the antenna
near the top of a tower. Therefore, at 900 MHz sites must be selected
at which the transmitting and receiving equipment can be located reason-
ably close to the radiating elements of the antenna, such as the roof

of a tall building or a strategically located mountain top.

It is perhaps unfortunate that a “strategically located mountain top"
for a 900 MHz system is very often also one for other systems. This
can result in a number of antennae, serving many different systems,
operated by many different users, being located in close proximity to
each other. The potential for intermodulation (IM) products seriously
degrading system performance under such conditions is great. This
degradation can be minimized by careful system design. Frequency selec-
tion must be based upon careful evaluation of system performance needs
and the frequencies, modes of operation, power output, and user service
of other collocated or proximate system installations carefully evalu-
ated.
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As noted in Par. 2.2.1, the inherently greater path loss experienced at
900 MHz can be overcome by the lower ambient noise existing at these
frequencies, permitting full exploitation of modern receiver usable
sensitivity. This factor must be kept in mind in selecting sites, and
then protecting these sites from electromagretic pollution. In addition
to the IM considerations described above, site selection should include
surveys for possible sources of noise, such as high power TV stations

on nearby channels, high powered control stations directed toward the
site, and major industrial or medical installations nearby that radiate
with significant levels of spectral impurity.

Physiological Considerations

The portion of the RF spectrum in the vicinity of the 900 MHz band has
been used for various industrial and governmental purposes since World
War I1. These frequencies are only slightly above the UHF television
channels and are below government radar and telemetry frequencies. '
Many of those systems have long used radiated power levels in excess of
hundreds of thousands of watts.

Despite this experience, there is an ever-present concern about the pos-
sible physiological effects that these frequencies may have on equipment
users. Such concerns are particularly appropriate when considering the
employment of portable equipment. Although such equipment is normally
very low power, i.e., 1 to 5 watts RF output, normal usage often places
the antenna only inches away from the head and eyes of the user when
talking into a microphone mounted on the portable unit.

Despite periodic studies by the Department of Defense during the past
quarter century and more recently by governmental consumer protection
agencies, little specific information exists pertaining to the poten-
tial physiological effects of 900 MHz radiation in the type of environ-
ment that might be encountered in the law enforcement field. The Chief
Engineer of the FCC has stated that 1/ the FCC is now studying these
problems and intends to provide a definitive report in the future. He
further stated that the potential extent of the problem is not known but
recommended that, pending publication of the results of the Commission's
findings, personnel working in the proximity of such systems exercise
rcasonable care.

Since the maximum power level authorized for base stations, 1000 watts,
is considerably lower than that long in use by television stations at
similar frequencics, it is not likely that base station personnel will
be subjected to a measurable level of risk due to electromagnetic radi-
ation. By the time portable equipment becomes available, it can be
expected that the results of the FCC's investigation will be public
knowledge. As recommended by the FCC's Chief Engineer, 900 MHz system
designers and managers should keep abreast of published information
relating to this consideration.

The phenomena described above are similar to those experienced at lower
bands, varying only in degree. Certain characteristics of 900 MHz
propagation seem advantageous while others offer problems. None have
proved to be unacceptably detrimental to communications system perfor-
mance. Most are simply the inherent considerations encountered in the
design of communications systems. Engineers compensate for Lheir
effects by other coverage calculations or empirical judgment and thereby

2.2.
2.2. Summary
1%

Presentation to the 43rd APCO National Conference, August 24, 1977, Chicago, litinois.
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determine the number of "fill in" repeaters, antennae heights, or the
ERP required. The degree to which special measures may be required in
the 900 MHz band is a function of the operational impact that the anom-
alies predicted may create. Full appreciation of the impacts that

900 MHz coverage phenomena will have on operational systems design can
only be determined by experience. Analysis shows that there are no
insurmountable difficulties inherent in 900 MHz system implementation.
Empirical data, acquired by observations of practical systems, will pro-
vide the guidance needed for future system designers to configure their
designs in ways that best overcome the problems and exploit the advan-
tages offered by 900 MHz propagation phenomena.

THE TRUNKED SYSTEM CONCEPT

General

The Second Report and Order resulting from Docket No. 13262 has made
mandatory the use of trunked system techniques in those systems at

900 MHz that require more than five channels. While a form of trunking
has been in use by the mobile telephone service for some time, all users
of the 900 MHz band with requirements in the excess of five channels

are now required to employ trunked techniques.

The Commission based this policy on its determination to assure the

most efficient use possible of the 900 MHz portion of the spectrum.
While public safety agencies with their specialized operational require-
ments (see Section 3.2) are required to consider many factors in the
configuration of their systems, they also consider spectrum usage
efficiency as being one of the more important.

This Section will describe the basic principles of how trunked systems
operate. This description is necessarily generalized, as it represents
a synthesis of several approaches now under development by the vendor
community. While significant differences of engineering specifics may
exist, these systems have many basic characteristics in common. The
differences do not dilute the usefulness of a generalized description
of system operations to help understand how trunked systems can be
applied to public safety communication needs.

Trunking is not a new concept. The national public switched telephone
service is based upon this technology. As stated, the mobile radio
telephone service has long used a trunked type of system. But this sys-
tem, the Improved Mobile Telephone System (IMTS), uses an automatic,
sequential frequency stepping approach. It is slow; as much as 20 sec-
onds can be taken to obtain access to a channel. Such a system would

be of little use to law enforcement networks wherein the typical trans-
mission may average less than 3 or 4 seconds. Therefore, Lhe following
discussion is limited to those high speed, flexible systems whose devel-
opment has been made possible by the introduction of high speed switch-
ing equipment and rapid, remotely controlled frequency change capabil-
ities in modern mobile radio equipments.

Trunked System "Spectrum Efficiency"

The presumptive objective of the introduction of trunked concepts is to
increase spectrum usage efficiency. For the purpose of this study,
“spectrum efficiency" (a widely used misnomer) has heen defined as the
ratio of the actual number of users assigned in a defined portion of
the spectrum to some {(not specified) theoretical maximum number of
users that could be assigned to that portion of the spectrum, holding




the level or quality of service constant, within a defined area. Since
the theoretical maximum number of users that could be assigned 1n a
given area, and a quantifiable measure of "level or quality of service"

is not available, the term "spectrum efficiency" is not very precisely
defined. However, it does have useful meaning in a relative, non-
quantifiable way. Intuitively, we feel that techniques that permit more

users to fit into a fixed amount of spectrum or conversely, that permit
a fixed number of users to be accommodated in a smaller portion of the

spectrum, without impeding their communications effectiveness, improve

"spectrum efficiency".

From this concept springs the corollary that unused air time is an indi-
cation of spectrum usage inefficiency. This idea is based upon the
requlatory principle that anyone meeting minimum established require-
ments has a right to exercise his privilege to utilize air time ("use"
being defined as an authorized transmission).

This concept might have validity if all users of the spectrum have the
same requirements and made equal contributions to the public's interest,
convenience or necessity. If that is not the case, then the idea of
unused spectrum and therefore the term "spectrum efficiency" may have
little meaning. The possibility exists that the worth of unused spec-
trum, by simply being available, may be greater than the worth of spec-
trum fully occupied by less essential services.

As an example, the worth of the "hot 1inc" between the White House and
the Kremlin is not measured by the number of messages transmitted. Its
worth lies in its guaranteed, instant availability when needed for the
good of the community at large.

Keeping in mind the above cautions regarding the general applicability
of the term "spectrum efficiency", several analyses of the possible
contributions of trunking techniques to "spectrum efficiency" are avail-
able. These studies, deriving from telephone experience, show that
trunking techniques can be expected to significantly reduce the prob-
ability of delay in a system of a fixed number of trunked channels.

Chart No. 2.3.1 shows the probability of delays that have been calcu-
lated for various numbers of trunked channels under various conditions
of loading. A single channel system is jncluded (see dashed line) to
illustrate a boundary condition. For example, a 4-channel system, each
channel loaded 40%, would present an overall probability of delay of

40% to any user if the system were operated in a conventional mode .

(See dashed line. £Each channel has the same probability of delay as a
singlc channel system.) The chart shows that this delay probability
would be reduced to 9% if those same four channels, each 40% loaded,
were connected in a trunked system. A 16-channel system, with all chan-
nels loaded 40%, would provide any user with a .1% probability of delay
if operated in a trunked mode. Similar calculations are pnssihle show-
ing the theoretical reductions in waiting times, rather than probability
of delay, that can result from trunking available channels. (See Chart
2.3.2.)

The application of these generalized conclusions to a specific mobile
radio service presents certain difficulties. The calculations from
which the above charts are derived assume a telephone type environment,
wherein a large number of randomly selected callers dre attempting to
communicate with a large number of receivers over a limited number of
channels. A similar situation may or may not exist in the various ser-
vices that constitute the land mobile communication community.

Subsequent descriptions of law enforcement systems operational needs
(Section 3.2) shows that this analysis does not exactly represent law
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enforcement operations. In those types of systems, generally g sing]e
caller (the dispatcher) must communicate wilh a large number of simul-
taneous recipients (the patrol units) or one {or more) of the patrol
units must communicate with a dispatcher.

Since the number of syslem users at one part of the system (the dis-
patchers) is relatively small compared to the number of users at the
other part (the patrol units), the basic mathematical formulations used
to develop Charts Mos. 2.3.1 and 2.3.2 should not be applied too liter-
ally to the public safety service. For example, the nature of the law
enforcement operational procedures may cause the probability of delay to
be not only a function of the number of radio channels, but also a func-
tion of average message length, time required to service a message. the
number of units per channel, and other similar factors.

These observations are not intended to negate the possibility of spec-
trum-related benefits that might be derived from trunking. They are
offered to show that the present popular calculations of potential
benefits are based upon assumptions that do not precisely pertain to the
public safety service. They are not likely to provide a highly exact
basis for determining the increase in “spectrum efficiency" that might
derive from trunking public safety radio systems; nor calculating the
number of trunked channels that will provide a required level of ser-
vice.

If one is to assume some relatively large sized system, for example, one
having 10 patrol areas with 10 dispatchers, it is possible that the num-
ber of channels needed can be reduced from the 10 channels required in a
conventional mode to some smaller number if the system is operated in a
trunked mode. Just how much of a reduction may be possible cannot be
determined from these figures. Law enforcement communication systems
designers must provide near absolute assurance that the systems will
support the level of service required to satisfy the law enforcement
mission under peak load conditions. Therefore, the possible reduction
of channel needs that might result fram the use of trunked systems in
law enforcement can be determined, with the credibility necessary for
future system design, only from practical experience.

2.3.3 Trunked System Operational Concepts

2.3.3.1 General

A trunked communication system is one in which users at either terminal
of a multiple link path have access to all the circuits between the two
terminals. In the classic telephone case, a small number of lines may
connect two exchanges. A caller from one exchange can reach the other
exchange via any one line. The next caller to use the same circuit is
given the next unused line, and so on, until all the lines are occupied.
In this way no one caller experiences a busy signal until all the lines
are 1n use.

The antithesis of this approach is the "conventional" system, wherein
one or more of the customers at each end are assigned one specific cir-
cuit. In this case, as soon as a circuit is placed in use, the rest of
the customers assigned to that circuit must wait until the call is com-
pleted, even though the remaining circuits between the two exchanges
might not be busy.

Traditional frequency assignment concepts in the land mobile radio ser-
vice have constrained operations to this latter type of conventional
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ability of that freguency to initiate their communications. Even though
nearby frequencies assigned to others may not be in use, they are not
available to non-assigned users.

Current concepts of trunked system operation overcome this difficulty by
assigning several frequencies (5 to 20 two-frequency channels are now
considered by the FCC to be a practical number in a single system) Lo a
larger number of users. Users are given specific frequencies by auto-
matic switching techniques so that no one user experiences a "buysy" con-
dition unless all the frequencies assigned to the system are in use at
the same time.

The nature of a trunked system is such that it derives its spectrum
efficiency benefits by combining the RF channels into a common pool for
use by all users of the system on either a first come, first served
basis or in accordance with some prearranged scheme of priorities.

Components of Trunked Systems

The techniques for‘accomplishing this automatic switching involve a num-
ber of system elements described below.

a) The base site transmitters and receivers. The base station install-
3tion inciludes a number of transmitters and receivers equal to the
number of channels assigned to the system, gach operating on a
designated frequency. These transmitters and receivers are individ-
ually conventional in operation and are connected to primary power
cources and antennae just as if they were elements of a standard,
conventional system. These units can be switched on and off by a
collocated (usually) electronic control unit.

b) The portable mobile transmitter/receiver unit. This unit operates

similar to a conventional mobile or portable unit. In addition,
however, it incorporates a frequency change capability that can be
controlled by a data command signal. A data controlled frequency

synthesizer is a possibility; however, a multi-channel crystal ex-

citer might serve the function also. Incorporated in the portable/
mobile unit is an address logic capability, i.e., the logic ability
to recognize its assigned unit designator or address, and to comply
with frequency assignment comwands.

¢) The control channel. This is the heart of a trunked system's oper-
ation. 1t includes a separate transmitter and receiver at the fixed
site, operating continuously on a fixed frequency, sending various
items of control information to all portable/mobile units or system
control points. Portable/mobile units monitor or reply on this
channel whenever not transmitting or receiving on an assigned chan-
nel in response to a command.

d) The system's language. Here is included the many system features
That dictate how the system operates. It includes the data system
concepts that establish what the system does and how the system
functions. It is made up of a digital data stream transmitted on
the control channel that addresses each portable/mobile unit to pro-
vide information regarding RF channel assignments for each addressed

portable /mobile group or unit. The compusition of this language
and the constituent elements of the instructions contained therein
directly determine system functional performance.

e) System control points. One or more transmit/receive units, usually

fTYed but can be mobile or portable, in the system having the abil-
ity to direct the control channel. By so doing, these points can
iniliate calls to designated units or groups of units or in other
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ways exercise control over the system. Such a unit would normally
be assigned to a dispatch center. There can be more than one can-
trol point in a single trunked system, each serving different users
and generally unaffected by each other's operation.

2.3.3.3 Trunked System Configuration

Each mobile and control unit of a trunked system is assigned an address.
This address includes a group designator in addition to the discrote
unit address, similar in concept to a seven digit telephone number. The
base station control channel constantly transmits coded instructions
that include address information and frequency assignment information.
A1l mobile units assigned to the system monitor this channel whenever
they are in a stand-by mode.

When a dispatcher initiates a call to units in a patrol area, the con-
trol channel carrics instructions to the units in that patrol area (by
addressing them all via their group designator) and directs them to move
from the control channel to a frequency that the central control unit
has determined to be unoccupied at that time. A1l units in the desig-
nated group hedar the fixed site (and a rebroadcast of the mobile trans-
mission if the system is so configured). All units of other groups re-
mqig on the command channel or on a working channel if they are occu-
pied.

When mobile units have moved to a working freguency, a "hand shake"
takes place by transmitting 'check' signals that assure that the mobile
units are on the same working channel as the fixed station. This all
takes place in small fractions of a second. Depending upon system or-
ganization, a working channel may be held for the duration of a message
or of just a single transmission. Upon completion of the traffic ex-
change, the units revert automatically to the command channel.

Should a member of a group wish to initiate a call, he automatically
queries the central controller via the command channel by simply de-
pressing the microphone switch. The automatic controller selects an
available frequency and directs the mobile unit to move to the channel
selected. This command information can also be received by other mem-
bers of that group and their units automatically moved to the channel
selected so that they would monitor the communications.

Should mobiles be required to communicate with other mobiles or units
other than the dispatcher, both units would switch to a designated new
address. For example, if a unit from Group 123 was required to communi-
cate with a unit from Group 321, each could be directed to switch to a
common group address 456. The control unit would recognize this as just
another group caltl.

The command channel is a data link, suitable to a standard 3 KHz voice
channel band width. Data can be transmitted at a rate that permits com-
plete command information transfer in small fractions of a second. As

a result, all of the automatic channel switching takes place in the time
it takes the operator to depress the mike button.

There are two important benefits to be derived from these techniques.
The first is the reduction of probability of delay resulting from the
availability of all RF channels to all users at all times. (See
Section 2.3.2.) The second may be of even greater importance. The sys-
tem's operational configuration is no longer limited by channel avail-
ability. Special functions can be accommodated by setting up special
group addresses rather than through the use of discrete channels. The
potential value of this latter tool in configuring systems to provide
complex, user-oriented functions is difficult to fully appreciate at
this time.
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Present trunked system concepts allow the command language to provide
more items of information than merely address and fregquency instruction.
Priority instructions can be incorporated. Status information can be
transmitted with the address group permitting direct interface with com-
puter aided dispatch systems. Only careful analysis of user functional
needs will determine which of the many possibilities inherent in this
concept should be incorporated in a given system design.

Because of the random frequency selection problems, it is impractical to
use remote repeater configurations having fixed frequency offsets to ex-
tend coverage throughout areas beyond the coverage of a single trans-
mitter location. Trunked systems can be used in repeater type systems
where repeat transmissions are on the same frequency as the primary
transmission. This technique, called "simulcasting", has been used on
occasion at the lower bands. Very close tolerances of RF carrier fre-
quency and audio envelop phase shift are required to prevent interfer-
ence in the zane where signals from both transmitters can be received.
Such frequency control has not been demonstrated in practical systems

at 900 MHz at this time.

This limitation does not apply to satellite receiver sites. Should re-
mote receiver capabilities be required, as in the case of portable sys-
tems, each satellite installation would have equipment required to moni-
tor all frequencies available to the system, each connected to the cen-
tral control unit through appropriate voting systems by the usual land
line or microwave system.

The above description of trunked systems is sparce. It does not des-
cribe various specific system functions considered proprietary by those
vendors now developing such systems. It does show the critical elements
of such systems and how they function. It is intended only to provide
familiarity with the basic system operation so that judgments can be
made regarding the potential applicability of these techniques to specCi-
fic user requirements.

CELLULAR SYSTEHMS FUNCTIONING

General

The concept of cellular systems contained in Docket No. 18262 poses one
of the most far reaching innovations in the history of radio communica-
tions. The ultimate objective of this concept is to make mobile tele-
phone service available to the general public in much the same way that
the public switched telephone service, using fixed wireline connect-
ions, is used today.

The problem that has prevented the development of such service in the
past is the lack of the huge number of frequencies that would be re-
quired to serve the large number of general public customers, if present
day techniques were to be employed. In a given service area, using a
normal coverage pattern (perhaps 25 to 50 miles in radius), thousands of
separate channels would be required to service the hundreds of thousands
of mobile customers that might reasonably be found in the area of cover-
age.

Modern computer technology, coupled with the capture effect phenomena
inherent in a frequency modulated radio system, offers the potential

for overcoming these difficulties. The possibility now exists that such
service can be provided using a reasonable, and now available at

900 MHz, number of RF channels. Several techniques have been proposgd
to provide these services. Development programs are under way in Chica-
go, I1linois and MNewark, New Jersey. License applications have been
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filed for additional developmental cellular systems in Baltimore, Mary-
Tand. These systems vary in techniques and geometry, all having a com-
mon objective, i.e., wide-based service to the general public using
computer-aided switching and repeated use of frequencies within a
defined area of coverage. The following description of the technical
concepts is not intended to be an in-depth description of any one Sys-
tem. It is intended only to present the general principles upon which
such systems operate.

Cellular System Organization

The basic principal of operation of cellular system operation is the
division of the overall area of desired coverage (for the purnoses of
this discussion it will be assumed that the desired area of coverage

is a single city, though this limitation is by no means necessary) into
a number of smaller geographic areas, or cells. Radio coverage of cach
cell is provided by low power (relatively) transmitters and fixed re-
ceivers. Typical sjzes of such cells may be only a few miles across.
(The optimum size of each cell is a subject of controversy and one of
the differences betwecen the various competing developmental systems.)
Ahile each cell has its own transmitters and receivers, operating on
assigned frequencies, adjacent cells will have different frequencies,
but frequency conservation occurs by repeating frequencies in cells
separated by other cells. As mobile vehicles move from cell to cell
the capture effect, i.e., an FM receiver's capability of responding to
the strongest signal on frequency and ignoring others, and the relative-
ly lTow power of the fixed transmitters, prevents interference.

As the mobile unit moves from cell to cell, its received frequency of
operation can be automatically switched as needed by techniques inher-
ent in the system concept. Central computer switching provides con-
tinuous connection of the cell in use by the mobile to the system inter-
face, usually but not necessarily the wireline telephone system.

By such a system, the number of simultaneous conversations possible
within a cell is limited by the number of frequencies assigned in each
cell. Mobile units receive continuous service as they pass from cell
to cell through centralized switching of the cells in contact with the
mobile unit. A reasonable number of frequencies can be used to support
a large number of customers through multiple repetition of frequency
usage.

The objective of such systems is to provide telephone type, customer-to-
customer service, throughout a designated service area. There is signi-
ficant technological development and economic investmerit needed before
such systems become widespread. It is clear that it will be many years
before such systlems will have demonstrated their cdpability and reli-
ability to the degree necessary to make them a viable consideration in
serving public safety communications needs.

900 MHz EQUIPMENT AVAILABILITY

General

At the time this study was initiated, none of the vendors in the land
mobile community listed base station ar mabile equipment suitable for
900 MHz use in the public safety service as standard catalog items.
Since that time several major vendors have advertised complete lines of
base and mobile equipment. Other vendors have equipments in development
and promise full availability in the near future. By the beginning of
1973 a full Yine of base and mobile equipment should be available from
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most of the vendors in the public safety field.

Costs closely track with those al 450 MHz. Vendors claim that 900 MH.
equipment will cost initially between 10% and 20% more to manufacture
than similar units designed for the 450 MHz bands.

At the time of writing, there is no 900 MHz portable equipment on the
market, although most vendors observe that this is due to the lack of an
immediate market rather than because of technological difficulties. No
equipment specifically designed for use in public safety trunked systems
is available. The following Section provides a description of these
equipments and relates them to past experiences on lower bands.

Description of 900 MHz Equipment

Conventional Base and Mobile 900 MHz Equipment

The most apparent difference between present day 450 MHz equipment and
the available 900 MHz hardware is the need for an additional stage of
multiplication in the transmitter exciter and receiver local oscillator
chains. Designs now being offered by major vendors incorporate existing
chassis, IF strips, audio boards, and exciter chains. An additional
doubler stage is added, and a new final powecr amplificr for transmitters
and new receiver front end are needed. Solid state RF devices, able to
provide required levels of power output, are readily available at a cost
only slightly higher than for those at 450 MHz. Oscillator stability
must be improved to meet FCC standards but this has proved feasible.

Stripline circuit layout techniques, long used in the lower bands, find
similar application at 900 MHz, the principal difference being the
changed size of the circuit and the resulting need for grealer precision
in fabrication and handling.

A noteworthy characteristic of the 980 MHz equipment now available is
that full coverage of both the transmit and receive bands is possibie
without retuning. The bandwidth of the front end circuits is such that
full coverage of the authorized band is possible by only changing the
oscillator frequency.

Portable Equipment

No conventional portable equipment has been announced or promised for
use at 900 MHz. Vendors are in general agreement that this is due to
lack of a present market to justify the research and development invest-
ment. There are some inherent difficulties in the design of a conven-
tional 900 MHz portable transceiver, but none that appear to be beyond
state of the art resolution.

The main difference between existing 450 MHz and 900 MHz equipment is
the need for an additional stage of doubling, both for the transmitter
exciter and for the receiver local oscillator chain. This requires
additional space, and also adds to the battery drain. If units are to
meet the 5-5-90 duty cycle for an 8-nhour shift, then portable power out-
put must be kept as low as practical, keeping operational needs in mind.
Estimates are that a 2 watt 900 MHz portable might have a size and power
drain similar to that of a 4 to 5 watt 450 MHz unit.

Ancillary Equipment

Antennae, coaxial cables, duplexers, connectors, and similar equipment
2. 14
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are now available for 900 MHz land mobile systems. A variety of anten-
nae configurations have been developed so that systems designers have
flexibility of choice. Low loss coaxial cable, while relatively expen-
sive, is available. .

The main distinction of 900 MHz ancillary equipment is the degree of
care with which it must be handled. A poorly installed coaxial connect-
or that would cause loss of several db at lower frequencies can render

a 900 MHz system completely inoperative.

Trunked System Equipment

There are no trunked systems currently in operation, nor do any of the
known vendors offer such systems as standard items. Several of the
vendors describe breadboarding such systems. Such breadboard models are
being used to develop and evaluate system concepts. Many of the system
elements have long been in existence or have been developed for use in
other types of systems.  Remote control or switching of transmitters and
receivers represents notning new to the land mobile field. High speed
switching of oscillators is well develaped. Frequency synthesis tech-
niques are well along. While there are many pitfalls possible between
the availability of a technology and its implementation in a practical
system, trunked systems do not require the resolution of yet unsolved
theoretical problems.

As of this time no definitive requirement, specifying the functional
needs of a law enforcement trunked system, has been prepared. It is
only to mecct such a specific set of needs that a specific system can be

designed. It is estimated that the design and implementation of such a
system would require 18 to 24 months after the specific needs were es-
tablished.

Portable operation poses more difficult engineering problems in a
trunked system. The trunked, portable unit has the same basic design
requirements as the conventional portable described above. This means
increased doubler circuitry and resulting battery drain. To the trunked
portable must be added a multichannel exciter, either crystal controlled
or frequency synthesized, plus the logic circuitry needed to decode
address and frequency instructions on thne command channels. No vendor
has published any indication of the early development of units with
these capabilities that meet normal operational requirements for size,
weight and battery life.

This implies that near term trunked system development would involve
mobile only systems or some form of hybrid system using trunked mobiles
with conventional portable units. Depending upon the operational needs
of the agency involved, such systems could be configured by having the
portable work conventionally through a trunked mobile unit in a repeater
or relay type mode, having a separate-conventional network for portables
that interfaces with a trunked mobile system, or other suitable config-
uration.

MANAGEMENT TNNOVATIONS

General

The regulatory environment established by the FCC for operation of land
mobile systems in the 900 MHz band includes a new concept of systems
management not heretofore permitted. Community repeaters and radio
common carriers have long been in use by the business community at the
lower bands and are also authorized at Y00 MHz. In addition, the Com-
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mission has authorized the establisament of Special Mobile Radio Systems
(SMRSs) whose organizational concepts were recognized as necessary to
fully exploit the advantages of the trunked system technology. (For
definition of these terms and detailed discussion of their regulatory
roles, see Chapter 1.)

As described in Section 2.3 of this Chapter, the spectrum efficiency
advantages believed to result from the trunked system concept spring
from a conceptual scheme involving a multitude of callers, randomly
seeking access to a multitude of call recipients. Statistical analysis
shows that the degree of improved spectrum efficiency resulting from
such a system configuration is dependent upon the number of channels in
the "grab bag" of channels that is randomly available. The theoretical
advantage of such a system is therefore largely dependent upon the num-
ber of users that can be combined into a single system. In a major
metropolitan area this need could be satisfied by the requirements of a
single agency due to its size. However, in those communities having no
one agency large enough to fully exploit the inherent capabilities of
the trunked concept, it might prove spectrally advantageous, and econom-
ically necessary, to combine the communications requirements of a number
of agencies into one municipal system. In this case, the SMRS concept
provides a system management structure suilable Lo support the needs of
all users.

The SMRS Concept

It seems heuristically evident that the typical community could improve
spectrum efficiency and enjoy the operational benefits of a sophisti-
cated trunked system if several different community agencies, each now
requiring an individual communication network, could pool their avail-
able channel needs in such a manner that the individual channels would
“lose" their identification with the individual agencies and become
available for the use of the entire community.

The objective of establishing SMRS was to make such a system more
attractive from an economic and managerial point of view. An SMRS, as
conceived by the Commission, is an economic entity established by an
entrepreneur, on a profit-making basis (this profit-making element is
authorized but it is not an inherent requirement under the Rules), to
provide services to those mobile communications users WHO WOULD NOR-
MALLY BE LICENSABLE IN THEIR OWN RIGHTS. An SMRS has two uniquely
distinguishing characteristics. These are: (a) the SMRS is authorized
to provide fixed radio services (under current rules the users of these
services musl own Lhe control points and mobile units themselives) to
Tand mobile users who are in themselves licensable under the existing
regulations of the Commission; (b) the SMRS is not authorized to pro-
vide services to the public in general and therefore is excluded from
regulation as a common carrier by the individual states. All regula-
tory authority over the SMRS resides in the FCC.

This new concept was the cornerstone of much of the controversy regard-
ing the promulgation of the present 900 MHz regulations under Docket

No. 18262. Chapter I discusses the legal ramifications of this concept
and presents some of the questions still to be answered. Chapter 111
discusses the possible applicability of this concept to the law enforce-
ment communications community showing some of the problems and the
opportunities presented.

The existence of such an entrepreneurial function provides the commun-
ity leaders with the possibility of contracting the fixed portion of
their community's tax-supported communication network, in whole or in
part, through competitively selected contractural arrangements. Super-
ficially, it might seem that such arrangements would reduce the tax-
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supported manpower requirements of the community government, provide for
increased efficiency through the consolidation of resources, and permit
greater managerial efficiency through the competitive contractural
selection process. However, the possible pitfalls of such a simplistic
view should not be overlooked.

Such entrepreneurial functions should not be confused with "telephone
type" service. As pointed out above, one of the distinguishing charac-
teristics of an SMRS is, unlike the public telephone network, its exemp-
tion from state regulation. Such organizations are prohibited from pro-
viding services to the public as a whole. It seems, therefore, that
many of the economics of scale now enjoyed by the telephone services
might not be available to an SMRS.

Because existing restrictions on SMRSs preclude them from owning the
control points and mobile installations, the procurement and maintenance
problems encountered by a tax-supported agency would not be significant-
1y reduced. Finally, the degree of “competitive procurement" that might
actually take place seems questionable. It is unlikely that, within a
typical community, sufficient capital would exist to provide a signifi-
cant number of bids competitive with an established SMRS once its equip-
ment has been installed and amortized.

On the other hand, there is nothing in the existing regulations that
precludes the establishment of SMRS by governmental agencies. Should a
community decide that its mobile communication service could best be
provided through a single fixed station management entity, it now has
available under the Rules the mechanism to establish such an entity.
Whether this service would be required to operate in a conventional
mode or as a trunked system would be a function of channel loading and
the Commission's regulations.

The previous Sections of this Chapter describe trunking concepts, the
status of equipment therefor, and the functional implications of this
technique. These discussions have significant bearing upon any decis-
ions regarding the desirability and costs of establishing SMRS. The
reader's attention is invited to discussions in Chapter IIl which deal
with the operational considerations and the functional requirements of
communication systems in support of the Taw enforcement mission. These
basic mission-oriented needs must be the domincnt considerations in the
selection of any communication system management technique.




CHAPTER IT11

OPERATIONAL SUITABILITY OF THE 900 MHz SPECTRUM

INTRODUCTION

Chapters I and Il of this report have described the background of the
opening of the 900 MHz band for land mobile communications. They have
presented the regulatory, managerial, technological and economic factors
that affect the way in which this new portion of the spectrum can be
made available for law enforcement communications. This Chapter pre-
sents a generalized description of the operation of law enforcement
communications systems and the system needs that derive therefrom. This
description provides a basis for the analysis of how the 900 MHz spec-
trum, as nnw made available, may or may not contribute to meeting these
needs.

The growing demands for public safety services by the general public

and thc incrcasing requirement for the application of sophisticated
technologies in support of law enforcement objectives, have imposed in-
creasing demands upon the capabilities of law enforcement communication
systems. These demands are, in turn, imposing new and stringent re-
yuirements upon law enforcement communication systems performance. They
are placing even greater requirements upon the electromagnetic spectrum.

The advance of technology has recently presented new opportunities to
alleviate these problems. It is now feasible to produce equipment that
can operate at 900 MHz in a practical, day-to-day environment. This
technological development, recognized by the FCC in its Docket No. 18262
proceedings, has nearly doubled the amount of spectrum available to the
land mobile community.

Trunking techniques, as defined in Chapter I and described in Chap-

ter 11, offer the possibility of significant improvement in spectrum
efficiency and a hope for increased spectrum availability. These tech-
niques also offer opportunities for new approaches to systems management
that may yield significant improvements in the way public safety com-
munication systems can respond to the needs of their users. The pur-
pose of this Chapter is to analyze the extent to which these technolo-
gies can contribute to the solution of law enforcement's present and
future communication problems. To do this, it will identify those
special requirements of a law enforcement communication system and
thereby point out the major functional capabilities that systems con-
figured under Docket No. 13262 requirements must provide.

The experience of the last several decades indicates the naivete of
stating that such-and-such a requirement cannot be satisfied because of
technological limitations. A technical solution can eventually be pro-
vided to almost any technological problem. But these solutions may be
long in coming, and they are inevitably expensive. The present problems
faced by community, municipality and state governments demand near term
solutions. It is insufficient merely to assert that such-and-such a
capability "can be done" simply because it is technologically feasible.
Whether or not it is realistically feasible, whether or not it is cost
effective, whether or not the risks of development can be borne by the
taxpayer, are all questions that demand clear-cut answers. Therefore,
a study such as this must deal with the real world of that which is
practical now, as well as in the future.

However, in the urgency of today's problems and the pressing needs for
their solutions, we should recognize that 900 MHz represents the thresh-
old of a new era in comnunication management. While principles and
policies established in the coming months and years will be the
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orecedents for decades to come, today's decisions must accommodate the
necr term needs of the public safety communications community as well as
its long term goals.

As described in Chapter II, trunked systems represent a significant ad-
vance in technology. As of this writing a trunked system fully satis-
fying the needs of the public safety community has not been demon-
strated. The FCC has, in Docket No. 13262, promulgated a policy
intended to lead to the eventual use of trunked systems throughout the
major portion of the 900 MHz spectrum. The law enforcement community,
long awaiting the spectrum relief offered by the 900 MHz band, is now
Tooking toward the development and demonstration of trunked systems that
meet both the Commission's goal of increased spectrum efficiency and the
community's needs for cost effective, increased operational capabil-
ities.

Those responsible for the expenditure of local tax funds have specific
responsibilities. Research and development, and the risks attendant
thereon, are not normally parts of this responsibility. While the
federal government can, and probably should, take such risks to advance
the state of the art on a national basis, it is clearly not the role of
the taxpayer of a local community to engage in the high risk and high
cost research and development programs needed to develop theoretically
possible but still unproven technical concepts. A local community, to
solve its problems, must rely upon proven techniques and established
concepts. The local community must look to the vendor to assume tech-
nological responsibility. The local community must define its require-
ments in terms of the technology that the vendor is willing to produce
and guarantee.

Therefore, this study will evaluate the technologies and concepts of the
900 MHz band in light of those equipments currently offered by the ven-
dor community, or those technologies that the vendor community asserts
will be available in the near future.

FUNCTIONAL DESCRIPTION OF LAW ENFORCEMENT COMMUNICATION SYSTEMS

General

Public safety, and particularly law enforcement, communication systems
have a common characteristic that distinguishes them from other secrvices
in the land mobile communication community. This characteristic is
simply that they deal directly with the safety of the public. The
agencies these systems support are directly responsible for the protec-
tion of the life and property of the citizen. In the performance of
this responsibility the individual members of many of these agencies
have as routine an element of risk to their personal safety seldom

known to the rest of the land mobile communication community.

These systems, therefore, must have performance characteristics tail-
ored with this consideration in mind. The safety and the protection of
1ife and property bears with it a responsibility far beyond that of
public convenience, entertainment, profit or mere economic efficiency.
Since the risk element of, and the dangers to, members of the agency
are unpredictable factors never precisely foreseeable far in advance,
the system must be tailored to satisfy both normal and peak require-
ments on an instantaneous, 24-hour a day basis.

These considerations are not theoretical in nature. They have very
practical aspects in the development of public safety communication sys-
tems design. While these systems must obtain maximum utilization of




the 1imited spectrum, they must also maintain the required degree of
performance at the least cost to the taxpayer. Above all, they must
guarantee to those responsible for the agency's performance that the
system will work as needed to fulfill that agency's responsibilities
under all reasonably foreseeable conditions.

These systems must be cost efficient to operate in the routine mode, but
they must also have the capability to handle peak loads in a highly
effective, operationally efficient manner. They must satisfy local
needs while also supporting regional and national systems requirements.
They must be capable of expanding to meet growing community requirements
while also able to operate at reduced levels under conditions of man-
made or natural disasters.

The safety considerations and the operational procedures established by
law enforcement agencies must be the basic criteria for design and
planning decisions in the development of public safety communication
networks. Channelization plans cannot be drawn solely on the basis of
regulatory channel loading standards. Channel utilization, measured in
terms of percentage of occupancy, is not the only criterion of the
effectiveness of design.

While it is valid to consider loading standards as a measurement consid-
eration when designing a routine dispatch network, the public safety
system planner must always keep in mind the fact that life and property
can be jeopardized by inadequate communication facilities. The effici-
ency of the public safety system is measured not by how many mobiles can
be placed on a given number of channels, but rather how effectively the
system supports the performance and safety of their personnel as they
fulfill their responsibilities for the protection of the public.

The managers of law enforcement communication systems are responsible
to the elected officials of the community. This responsibility cannot
be delegated to a regulatory body. Nor should it be diluted by regula-
tions or guidelines perpetrated for administrative convenience.

The following description of the general operational characteristics of
typical municipal law enforcement agencies is provided to assist the
reader in understanding the role that must be performed by a 900 MHz
law enforcement communication system. For more detailed explanation,
the reader is referred to the Bibliography.1l/

3.72.7 Law Enforcement Agency QOperational Philosophy

Any analysis of the suitability of a particular communication technique
for a particular law enforcement function must be based upon an under-
standing of the role that the communication system must fulfill. The
first step, therefore, in determining the operational suitability and
the technical adequacy of the new 900 MHz band is to understand the way
that law enforcement communication systems support law enforcement
agencies' operational needs.

While a great portion of a law enforcement communication system's air
time is spent in what appears to be "dispatch" type operations, it
should be recognized that there are profound differences between law
enforcement communication functions and those of other users of the
Tand mobile spectrum.

1/ Police Telecommunication Systems, 1971. Product of Project Three, Phase Three of the

Project Series Foundation of the Associated Public-Safety Communications Officers, Inc.
prepared by ITT Research Institute under Grant No. NI 70-091 from the U.S. Department of Jus-
tice, LEAA-NILECJ.
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The first and most obvious difference is the fact that protection of
life and property of the public and of the individual police officer are
dependent upon the speed and accuracy of the communication network.
While these priority considerations mightl be difficult to relate to
spectrum allocation concepts, they must nonetheless be kept in mind when
evaluating the degree of compromise with which public safety communica-
tion users can view trade-offs between system performance and spectrum
conservation.

The term “"dispatcher" as applied to a law enforcement communication net-
work may be an unfortunate misnomer. It may lead those not familiar
with law enforcement operations to confuse the functioning of a law en-
forcement system with the more widely used and perhaps better understood
"dispatch" systems found in other portions of the land mobile communica-
tion community. In a law enforcement radio system, the dispatcher fis

an extension of the command authority needed to supervise and coordin-
ate the activities of the deployed forces on duty. As such, the dis-
patcher does far more than merely direct mobile units to specific loca-
tions.

There is an iterative communication process between the dispatcher and
the patrol units. It is through the total provision of all available
information to the patrol unit, in even the most routine case, that the
patrol officer is able to properly plan his actions upon arrival at the
scene of an incident. This prior preparation and employment of optimum
techniques suitable to the situation are vital to the safety of the off-
icer and the fulfillment of his responsibilities to the citizen.

A further requirement of this law enforcement network, imposed by the
need for command/control type operation, is the capability for instan-
taneous substitution of the routine dispatch function by Llhal of a
supervisory level officer. As incidents increase in level of severity,
the communication network ceases to resemble a dispatch type function
and ascumes a command/control nature. The communication network must
make possible reliable, multiple communications between commanders and
selected units in the field. The duty supervisor must have the ability
to receive information deployed from units and to issue instructions to
those sclected.

Inherent in the functioning of a law enforcement patrol force is the
concept of mutual support. Each officer keeps abreast of developments
within his darea of patrol responsibility by monitoring the dispatch
channel. This is the primary means by which he learns of developing
cituations and can be prepared to render assistance to other officers
in a minimum amount of time.

The patrol element is the cornerstone of most law enforcement agencies'
functional procedures in the fulfilliment of their responsibilities for
the safety and welfare of the public. A patrol element is usually a
one-man (sometimes two) vehicle assigned for a given period of time to
patrol throughout a designated geographical section of the community.
This geographical area may vary during different times of the day or
different days of the week. The number of vehicles assigned to a given
area may also be a variable, adjusted in accordance with operational
and managerial decisions of supervisory officials.

The 1ifeline of this patrol officer is his communication link with the
dispatcher. In the case of routine complaints, the dispatcher is ad-
vised of the need for service via a telephone call received by the
telephone answering desk, or in some cases by the dispatcher himself.
Information obtained during this telephone conversation (frequently
from a disturbed or highly emotional citizen) is then relayed to the
patrol vehicle most appropriate to respond to the complaint. Based




upon the nature or the severity of the incident, more than one vehicle
may be assigned to service the complaint.

In many of the larger systems much of the complexity of the dispatch
function is assisted by computer storage and information processing.
These systems not only improve resource allocation through optimum

use of manpower; they also provide additional information to the off-
icer, thereby contributing to his ability to effectively discharge his
responsibilities.

In a routine case, the patrol officer receiving notification of the
need for service makes judgments based upon the information received
regarding the most appropriate manner for him to respond to the situ-
ation. The decision made at tnis time can greatly affect the safety of
the citizen and the officer involved. Should an officer arrive at the
scene of a disturbance unprepared to handle an armed criminal, his life
may weil be in jeopardy. On the other hand, over-reaction to a routine
family disturbance can waste a community's resources and cause undue
embarrassment to a normally law-abiding citizen.

Normal resource management requires a flow of information between the
dispatcher and units in his patrol area. Status reports and updating,
including such items as in or out of service, report on scene, assign-
ment complete, etc. from each unit as appropriate, provide a continuing
picture of the activities and resource situation throughout the patrol
area needed to make necessary management decisions.

As a situation develops, instances occur that require an iterative
series of transmissions between the dispatcher and the patrol vehicle

in order to exchange necessary information. If the officer requires

the assistance of additional vehicles to properly contain an incident,
this information and any needed guidance regarding their disposition is
relayed to the dispatcher. If an incident grows in scope, the communi-
cation link can then be switched to a watch officer, a senior super-
visor on duty who is capable of providing incident management and higher
level supervision.

Depending upon the procedures of the agency involved, communications
between patrol units may be required to coordinate their responses to
an event. Such flexibility of communication can be vital in providing
rapid, coordinated support to units involved in critical situations.

While one major incident may be in progress and consuming significant
portions of air time, the other routine agency activities throughout
the rest of the community must continue to be supported. The. routine
dispatch channels in support of other requests for assistance must be
unimpeded by the focus of attention on any one significant event.

Larger law enforcement agencies also have special squads providing on-
going services in support of special investigations and other law
enforcement activities. Special squads for particular surveillance
activities may be established.

Major public activities, i.e, parades or other gatherings, may require
the organization, coordination and command/control of a specialized
group of officers for limited periods of time. Mass demonstrations or
public disturbances such as riots may occur requiring large concentra-
tions of law enforcement activities, coordinated and managed from a
single control unit. At times of a large public disturbance or wide
area disaster, extensive coordination may be required among law enforce-
ment agencies and between them and other public safety agencies. Exper-
ience has often shown the need for a separate command channel, open to
the overall emergency activity supervisor and those subordinate unit
commanders directly responsible to him. Availability of such a channel
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reduces confusion by insuring communications flow that follows the
chain of command, thereby insuring the arderly dissemination of
instructions.

The introduction of modern digital and computer techniques into the
criminal justice system has provided a new and valuable tool for the
routine processing of law enforcement complaints. Mobile and portable
digital terminals in the hands of the individual patrol officer are

now giving him the capability for direct access to state and national
criminal history files. These wide-area information systems are rapidly
becoming an inherent part of the operation of modern law enforcement
agencies. The ability to check license plates and drivers' licenses
against state files has become a major contribution to increased appre-
hension rates. Routine checks for stolen articles and vehicles in
national files nave contributed significantly to the recovery rates and
apprehension of wanted criminals.

The above generalized description of law enforcement communication sys-
tems operation applies broadly to the majority of municipal law en-
forcement agencies. While the basic principles illustrated apply to all
systems, there are many local variations in techniques. For example,
some agencies may have incoming calls received by one complaint taker
who, in turn, makes the initial dispatch of a patrol car to the inci-
dent and then relays control of the incident to a separate dispatcher

to monitor activities in the patrol area. Other agencies may have
individual dispatchers receiving calls for assistance and then dispatch-
ing the needed assistance. In larger systems, complaint calls are
received by one individual (or one of a group of individuals designated
to receive camplaint calls) and appropriate information passed to a
dispatcher who maintains radio contact with units in his assigned

patrol area. But in any event, there must be one centralized point
where knowledge of the activities within a designated patrol area is
centered.

Law enforcement systems can have many additional operational require-
ments that affect the organization of the communication network.
Depending upon geographic and political requirements of the agency,

many factors affect the design of the system. Some agencies require
mutual aid channels, area coordination channels, interagency coordina-
ation channels and various intra-organization links. These coordina-
tion links can often be provided by relays Lhruouyh a central communica-
tion center. This technique is prevalent in the larger municipal areas.
Also, a number of agencies have a need for interagency communications
between the mobile units of many separate activities. In suburban and
county type agencies, each car needs not only to communicate with 1ts
central dispatch and control points but frequently must also have facil-
ities for car-to-car communications with such agencies as highway
patrol, fire, and other public safety activities.

This functional description is intentionally sparce. Its purpose is to
give the reader a basic understanding of the nature of law enforcement
communication networks. It is intended to show some of the special
characteristics of these networks and how their functional characteris-
tics differ from a typical business or industrial land mobile communi-
cation system. Public safety systems are not purely dispatch systems
wherein a central office broadcasts general information of interest to
any one or to all recipients. They are complex command/control systems,
providing for the inter-relationship of diverse emergency-oriented
activities throughout the community. The efficiencies of these sys-
tems are not measured only in terms of dollars or by some standard of
channel loading. The efficiencies of these systems are measured in

the lives saved and the number of criminals apprehended.
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Minimum Functional Needs

Law enforcement systems have certain minimum functional requirements in
common. They are:

a) Certainty of communication.

This concept includes requirements for total coverage of the desig-
nated area of responsibility, reliability of equipment, intelligi-
bility, and immediacy. The role of the law enforcement communica-
tion system in the preservation of life and property and the appre-
hension of criminals places high emphasis on these characteristics
of the system.

b) Multiple user monitoring capabilities.

The operational procedures of most agencies require that all desig-
nated units in a given area monitor designated communications with-
in that area at all times. This is necessary to assure informed,
flexible, mutual support when needed.

c) Discrete, sub-unit channels.

Various designated groups and/or activities require communications
independent of the basic dispatch channel. Special squads, such as
detcctive, narcotics, etc., or special events such as riots or
crowd control, require individualized communications, controliable
from a field and/or central point, simultaneous to but not inter-
fering with the routine dispatch systems.

d) Interagency coordination capabilities.

Mutual aid requirements between adjacent agencies, and coordination
and cooperation needs amunyg different law enforcement networks and
between related public safety agencies, demand often complex and
flexibile interagency communications interfaces.

This summary is not intended to be a comprehensive list of system
requirements. Ideas such as cost effectiveness, reliability, main-
tainability and operability certainly are important. Many different
agencies with different spans of responsibility will have other
vital needs. It does represent, however, the fundamentsl, irreduc-
ible minimum requirements that any regulatory scheme or technolog-
ical capability must accommodate.

TECHNOLOGICAL APPLICABILITY

General

This Section discusses the technical capabilities of the 900 MHz spec-
trum as they relate to public safety communication systems needs. It
deals with inherent 900 MHz phenomena as applied to public safety needs.
For the sake of clarity, the analyses of this Section are limited to
conventional type systems. For those considerations peculiar to

trunked technologies, see Section 3.4 below.

Relationship of Propagation Phenomena to Law Enforcement Requirements

The propagation phenomena associated with the 900 MHz spectrum des-
cribed in Chapter Il indicates several characteristics of significant
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CHAPTER TV

CONCLUSIONS AND RECOMMENDATIONS

INTRODUCTION

The preceding Chapters have described the regulatory and administrative
background of the opening of the 900 MHz spectrum for use by the land
mobile community. They have presented the technological, economic. and
management factors that affect the application of these frequencies to
the communication needs of the public safety community, and they have
described what these needs are and how such factors can be applied to
these needs.

This Chapter presents the conclusions and recommendations that result
from analysis of the considerations presented in the preceding Chapters
by the APCO membership as represented by their project participants and
elected officers. They relate the application of the 900 MHz spec-

trum to law enforcement communications problems, under the conditions
defined by the FCC in its Docket No. 18262 proceedings. Since law en-
forcement communications are an inherent part of the total public safety
communications environment, some conclusions presented will be expressed
in terms of all public safety communications needs. This does not imply
that such conclusions might have limited applications to law enforcement
systems, but rather, that they apply to the total public safety communi-
cations problem, including law enforcement needs.

There are four broad areas under which conclusions are presented. These
are the technological suitability of 900 MHz to the land mobile problem,
the role of trunked systems in improving spectrum availability, the role
of trunked systems in enhancing operational capabilities, and the effect
of the present regulatory environment on 900 MHz system implementation.
Each of these areas has its own set of conclusions that pertain to
specific considerations.

Clear, absolute boundaries between the four fundamental sections are not
always possible. There are numerous interrelationships between the
conclusions reached under each of the four major headings. Such rela-
tionships serve well to demonstrate how complex are the elements of this
subject. Regulatory pulicies reyarding frequency coordination may be
significantly dependent upon technological considerations affecting
equipment performance. Spectrum conservation considerations resulting
from the introduction of trunked concepts may be closely related to the
degree of improved operational capability they provide and that there-
fore justifies their cost to the taxpayer.

In the interest of brevity, each conclusion is supported by a summary
statement of the rationale leading to its development. For complete
justification, the reader is referred to the preceding Chapters. The
recommendations that spring logically from these conclusions are pre-
sented following the associated conclusions. For the convenience of the
reader, the recommendations are summarized at the end of the Chapter.




CONCLUSION>

The technical characteristics of the 900 MHz spectrum are suitable for
use by public safety communications agencies. The propagation phenom-
ena associated with this portion of the spectrum, coupled with current
developments of equipment suitable for these frequencies, provide a
significant contribution to spectrum availability for public safety
communications networks. Coverage achievable closely parallels that
attained in the lower portion of the UHF spectrum. (See Section 4.2.3.)

Recommendation: Public safety communications system designers consider
use of the 900 MHz spectrum in developing new systems, making additions
to present systems, and the development of future plans.

The somewhat shorter range of propagation to be expected using the

900 MHz spectrum, compared to the lower frequencies, together with the
improved building penetration and shadow fill-in coverage attainable,
indicates that these frequencies are particularly attractive in urban
areas. They might also be suitable for suburban and rural areas due to
the lack of availability of lower frequencies or other system-related
considerations.

Recommendation: Those urban areas confronted with building penetration
or shadow effect problems consider planning to implement 900 MHz sys-
tems at such time as replacement of existing systems becomes feasible.
Such plans should be filed with the FCC at the earliest appropriate mom-
ent.

The operational impact of the propagation characteristics of the 900 MHz
spectrum are not precisely known at this time. The effects that "picket
fencing" and deep "holes" might have on operational procedures and the
specific engineering criteria that may be required to overcome these
problems have not yet been documented. Several law enfurcemenl communi-
cations systems using these frequencies have been or are being imple-
mented. The experience gained with these systems will be of great
assistance to other network designers in the future.

Recommendation: A study be conducted to assemble the knowledge gained
from experience with these newly implemented systems to make this knowl-
edge available to all public safety agencies.

The proper performance of a 900 MHz system is dependent upon prevention
of noise pollution of the environment. If IM products and other noise
sources are permitted to proliferate, the usefulness of 900 MHz will be
significantly reduced.

Recommendation: Site management programs be developed to preve-t noise
pollution that might affect use of 300 MHz systems in the future.

Technology is now available for conventional 900 MHz law enforcement
communications systems. Major vendors' catalogs now list 900 MHz base
station and mobile equipment similar to that available on lower bands.
Manufacturing costs are quoted as being anproximately 10% to 20% higher
than lower band equipment. No portable units are presently listed as
available. Those agencies considering 900 MHz early implementation must
therefore exclude the portable concept until portable units become
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available some time in the future, or resort to crossband operation.

Recommendation: The vendor community proceed with the early development
of 900 MHz portable equipment.

The dvdilability of optimum 900 Milz sites may be limited in a given com-
munity. High antenna locations are necessary to provide required cover-
age, while long transmission lines between transmitters or receivers and
their associated antennae degrade system performance. Therefore, prac-
tical considerations suggest increased emphdsis upoun Lhe use of tall
buildings and mountaintop sites for transmitter/receiver locations.

Recommendation: Those agencies foreseeing the possible use of 900 MHz
should plan early to reserve necessary tacitities atop existing or
planned sites and to implement appropriate site management measures.
(See Section 4.2.4.)

Conventional 900 MHz equipment will not present maintenance require-
ments significantly different from those posed by UHF systems. 900 MHz
systems use technnlagies similar to present UHF technology, requiring
somewhat more care in their application. Those agencies familiar with
UHF systems maintenance and operation should experience little diffi-
culty in the transition to 900 MHz.

Recommendation: Agencies employing 900 MHz systems utilize personnel
familiar with UHF maintenance techniques.

THE ROLE OF TRUNKED SYSTEMS IN IMPROVED SPECTRUM UTILIZATION

Precise means of determining the number of frequencies needed to provide
a required level of service using trunked technologies has not been dem-
onstrated. Present calculations are based on telephone experience and
do not necessarily reflect the unique needs of the service required

by complex law enforcement command/control communications systems.
Therefore, the number of channels needed in a trunked system cannot be
predicted with the accuracy necessary for law enforcement system design
until operational experience has been obtained.

Recommendation: Develop a demonstration law enforcement trunked system
Th which different levels of system performance that are the result of
varijations in the number of trunked channels available under various
operational conditions can be measured.

Under appropriate conditions, trunked systems can provide significant
increased capability (see Chapter III and Section 4.4). Their costs may
be expected to be higher than conventional systems, the amount depend-
ing upon design features incorporated. While the individual mobile
units may be more expensive, some savings can accrue from the reduced
number of base station transmitters and satellite receivers that might
result from the fewer frequencies needed.

Recommendation: Implement a demonstration pruyram under which actual
Cost figures can be determined. Those cost elements now associated

with development risks that are incorporated in current trunking systems
estimates could then be eliminated.

The amount of spectrum usage improvement to be expected from trunked
system implementation is a function of the number of users of the sys-
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tem. Very little can be gained by trunking systems of 300 1/ or fewer
units. No upper limit on the number of units a trunked system might
accommodate has been demonstrated.

Recommendation: Those large, heavily loaded metropolitan systems
approaching saturation should not plan trunked systems (not considering
possible operational advantages) except when sufficient frequencies can
be incorporated in the system to reduce channel loading below satura-
tion levels.

4.3.5 Heavily loaded major metropolitan systems will benefit from trunked
technologies only if less heavily loaded frequencies are incorporated.
(See 4.3.4.) Those communities with heavily loaded law enforcement com-
munications systems can be expected to derive spectrum benefit from
trunking if other municipal agencies, having either less heavily loaded
systems or different times of maximum utilization (peak load period) are
incorporated into the system.

Recommendation: Major metropolitan areas initiate comprehensive long-
range planning for the ultimate development of combined communications
systems.

4.3.6 No one community can be expected to assume costs associated with the
research and development needed to implement the innovative technologies
associated with trunked systems. A selected community might provide
facilities and personnel and assume certain hardware-related costs
associated with the equipment to be used by the community. Those costs
associated with the technology transfer aspects of such systems, to in-
clude feasibility studies, functional requirements development, and
test and evaluation, are the responsibility of the federal government.

Recommendation: The federal government participate in a development
and demonstration program of trunked systems technoiogies as described
in Chapter V of this Report.

4.3.7 Trunked public safety systems should only be installed where improved
system performance will result. The taxpayers of the individual com-
munities should not be required ts bear additional costs of trunked
systems implementation solelv to attain the objectives of improved
"spectrum efficiency". [f the only justification for a specific trunked
system is improved spectrum utilization which, in turn, means making
available channels for some other (perhaps non-tax supported) use, then
the propricty of expenditure of these tax-provided monies is question-
able. It is even more questionable to require such expenditures in
areas where eventual spectrum congestion within the radius of coverage
of the public safety system is only remotely conceivable.

Recommendation: The decision to implement trunked technologies in a
public safety system design be based upon the needs of the system and
the community involved, not upon an arbitrary standard established for
general application.

4.3.8 The development of trunked portable equipment may be costly and time-
consuming. The physical size and battery 1ife constraints imposed on
portable equipments pose significant challenges to the engineering of

1/ See Section 2.3.2 for analysis supporting this figure.
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such equipments. Given the foreseeable, limited market for such equip-
ments, it is likely to be some time before the vendor community risks

the engineering and development costs necessary to provide such equip-
ment.

Recommendation: A program be initiated by the federal government to
develop trunked portable 900 MHz equipment. Specific performance cri-
teria for these units would be determined by the demonstration program
specified in Section 4.3.6 above.

Trunked systems are presently best suited to those communities that can
be served from single base station sites. While it is not practical at
the present time to use trunked technologies in conjunction with mul-
tiple site repeater type systems, studies indicate that trunked technol-
ogies would be compatible with “simulcasting" techniques; "simulcasting"
at 900 MHz has not been demonstrated in a practical environment. This
does not imply that satellite receiver concepts are not compatible with
trunked technologies.

Recommendation: A program should be initiated to demonstrate simulcast-

ing at 900 MHz in connection with trunked systems.

POTENTIAL FOR IMPROVED OPERATIONAL CAPABILITIES USING TRUNKED SYSTEMS

The digital addressing techniques inherent in currently conceived
trunked system concepts provide the potential for significant advancec
in the operation and control of law enforcement communications systems.
Digital addressing techniques can be applied to system design in a num-
ber of ways. Many of these techniques can provide totally new approach-
es to law enforcement communication system configuration, management and
operation. A major problem with this new array of potential techniques
is the need to select for implementation those that best provide the
needed capabilities in a realistic and cost effective manner.

Recommendation: A study phase be fincorporated in the demonstration
program { see Section 4.3.2) to identify the specific functional capa-
bilities made possible using trunked techniques in a model operational
law enforcement communications system.

A demonstration trunked system can provide information regarding channel
loading, channel utilization, peak load requirements, emergency require-
ments, and the number of channels required to support a specific agency
under various operational situations. Such data could provide the basis
for many calculations, heretofore unavailable, needed to provide an ob-
jective basis for spectrum management decisions.

Recommendation: The trunked system demonstration program (see Section
4.3.2) include a clearly identified test program and the associated re-
sources needed to accumulate that factual data necessary to provide the
basis for future system design and spectrum management decisions.

In the absence of nationally established standards, trunked system
development by different vendors will result in noncompatible systems.
[t can be expected that the current command channel languages developed
by different vendors will be incompatible with each other. Unless the
requlatory agencies specify a standardized language format for system
organization, the introduction of trunked technologies will eventually
result in a major problem of system compatibility.
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Recommendation: The FCC adopt a standard command chdannel format for
trunked systems to assure system compatibility.

EFFECTS OF FHE REGULATORY ENVIRONMENT ON 900 MHz SYSTEM IMPLEMENTATION

The implementation of the 900 MHz system requires detailed engineering
and frequency coordination. Successful use of these frequencies depends
to a significant extent upon the lack of noise pollution. The problems

of frequency selection and IM minimization can become extremely complex.
Therefare, RF power level, antenna lacations and heights, frequency se-

lection and other factors must be carefully considered to suit the tech-
nical and operational needs of each installation.

Recommendation: The FCC Rules reflect the needs for local coordination
for each 900 MHz license application.

The role of cellular systems will not be significant in servinyg public
safety radio needs in the foreseeable future. Notwithstanding the
present developmental effort, it will be a number of years before such
systems are implemented throughout much of the country. The nature of
taw enforcement radio communication systems is significantly different
from the public switched telephone network. Law enforcement radio sys-
tems are configured to provide routine dispatch service and also command
control support. They must be capable of handling routine and emergency
traffic. The need to recognize the priority of public safety communica-
tions makes it impractical to share channels or facilities with users
from the general public.

Recommendation: The role of cellular systems in support of public
safety requirements be considered only when such systems have been im-

plemented and have demonstrated the degree of technical sophistication,
reliability, and capability suitable to the needs of the public safety
community.

The SMRS concept can provide a useful tool for the management of commun-
ity-wide tax-supported systems. This concept provides one more approach
to assist the present trend toward consolidated and cooperative systems.
It should receive consideration when trunked systems become more common.

Recommendation: Public safety users initiate a policy to support the

SMRS concept wherever determined appropriate. (See Section 3.6.)

The present standards for conventional and trunked system channel Joad-
ing fail to reflect the needs of spectrum management or the user. Cur-
rent standards are based upon unsupported estimates and founded on ad-
ministrative convenience. They do not relate to the user's operational
doctrines, philosophies or to the community's needs. They can permit
inadvertent wastage of the spectrum on one hand and inhibit agency oper-
ation on the other.

Recommendation: The FCC develop channel loading standards that reflect
those considerations needed to measure the level of service required by
the using agencies.

The requirement to implement trunked systems now contained in the Rules
does not reflect the needed operational capabilities, the responsibil-
ities of tax-sunported agencies for cost effective design, or provide
for the flexibility needed to configure system design to user needs.
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Recommendation: The requirement for trunked system implementation in
the public safety sector be removed from the Rules and provisions made
for trunked systems implementation based upon a case-by-case analysis
of the needs of the using agency.

The rules pertaining to licensing of 900 MHz systems have been developed
on a generalized nationwide basis and therefore may not be optimum in a
specific application. The problems associated with licensing of such
systems vary significantly in different portions of the country. Avail-
able channels are rapidly being consumed in the densely populated urban
areas. These are the same areas of high crime rate where sophisticated
communications systems of the future will be required. On the other
hand, there are many communities whose geographic and demographic situ-
ation makes inconceivable the foreseeable saturation of the 900 MHz
spectrum. Yet both types of communities are bound by the same rules
requiring trunking systems implementation, and one-by-one channel
assignments, to attain an arbitrary standard of channel loading. (See
Section 4.5.5.)

Recommendation: The Commission's Rules requiring trunked systems at
900 MHz should be revised to recognize the different spectrum alloca-
tion problems and needs in different portions of the country having
different geographic and demographic situations.

The Commission's Rules currently make little provision for the implemen-
tation of planned systems. Consequently, they inhibit long-range com-
munications systems planning. Large scale, sophisticated systems that
are configured to optimize utilization of spectrum while concurrently
satisfying the users' operational needs are time-consuming to prepare,
approve, fund and implement. They must be developed based upon the
availability of specific frequencies, and such frequencies must be re-
served so that they are available when the plan is implemented.

Recommendation: The FCC assign resources necessary to review, approve

and monitor the implementation of long-range plans. Procedures be es-
tablished to protect the integrity of such plans by recognizing their
frequency requirements during the period of their implementation.

SUMMARY OF RECOMMENDATIONS

Technological Suitability of 900 MHz

Public safety communications system designers consider use of the
900 MHz spectrum in developing new systems, making additions to present
systems, and the development of future plans.

Those urban areas confronted with building penetration or shadow effect
problems consider planning to implement 900 MHz systems at such time as
replacement of existing systems becomes feasible. Such plans should be
filed with the FCC at the earliest appropriate moment.

A study be conducted to assemble the knowledge gained from experience
with these newly implemented systems to make this knowledge available
to all public safety agencies.

Site management programs be developed to prevent noise pollution that
might affect use of 800 MHz systems in the future.




The vendor community proceed with the early development of 900 MHz port-
able equipment

Those agencies foreseeing the possible use of 900 MHz should plan early
to reserve necessary facilities atop existing or planned sites and to
implement appropriate site management measures.

Agencies employing 900 MHz systems utilize personnel familiar with UHF
maintenance techniques.

Develop a demonstration law enforcement trunked system in which differ-
ent levels of system performancc that are the result of variations in
the number of trunked channels available under various operational con-
ditions can be measured.

Implement a demonstration prugram under which actual cost figures can
be determined. Those cost elements now associated with development
risks that are incorporated in current trunking systems estimates could
then be eliminated.

In those systems in which a single agency lacks a sufficient number of
units to justify the application of trunked techniques, give consider-
ation to combining compatible users, other factors permitting. Such
communities foreseeing future needs for increased communications capa-
bility should begin planning for cooperative trunked system development.

Those large, heavily loaded metropolitan systems approaching saturation
should not plan trunked systems (not considering possible operational
advantages) except when sufficient frequencies can be incorporated in
the system to reduce channel loading below saturation levels.

Major metropolitan areas initiate comprehensive long-range planning for
the ultimate development of combined communications systems.

The federal government participate in a development and demonstration
program of trunked systems technologies as described in Chapter V of
this Report.

The decision to implement trunked technologies in a public safety sys-
tem design be based upon the needs of the system and the community in-
volved, not upon an arbitrary standard established for general applica-
tion.

A program be initiated by the federal government to develop trunked

portable 900 MHz equipment. Specific performance criteria for these
units would be determined by the demonstration program specified in

Section 4.3.6 above.

A program should be initiated to demonstrate simulcasting at 900 MHz in
connection with trunked systems.

A study phase be incorporated in the demonstration program to identify
the specific functional capabilities made possible using trunked tech-
niques in a model operational law enforcement communications system.

The trunked system demonstration program include a clearly identified
test program and the associated resources needed to accumulate that
factual data necessary to provide the basis for future system design
and spectrum management decisions.

The FCC adopt a standard command channel format for trunked systems to
assure system compatibility.




The FCC Rules reflect the needs for local coordination for each 900 MKz
license application.

The role of cellular systems in support of public safety requirements be
considered only when such systems have been implemented and have demon-
strated the degree of technical sophistication, reliability, and capa-
bility suitable to the needs of the public safety community.

Public safety users initiate a policy to support the SMRS concept where-
ever determined appropriate.

The FCC develop channel loading standards that reflect those consider-
ations needed to measure the level of service required by the using
agencies.

The requirement for trunked system implementation in the public safety
sector be removed from the Rules and provisions made for trunked sys-
tems implementation bascd upon a case-by-case analysis of the needs of

the using agency.

The Commission's Rules requiring trunked systems at 900 MHz should be
revised to recognize the different spectrum allocation problems and
needs in different portions of the country having different geographic
and demographic situations.

The FCC assign resources necessary to review, approve and monitor the
implementation of long-range plans. Procedures be established to pro-
tect the integrity of such plans by recognizing their frequency require-
ments durina the period of their implementation.




CHAPTER V

THE DEMONSTRATION PROGRAM
INTRODUCTION

General

The preceding Chapters of this study develop the conclusion that the

900 MHz spectrum will provide a necessary and valuable resource for
public safety communications. Propagation phenomena associated with
this portion of the spectrum offer potentially attractive characteris-
tics for its use in both urban and suburban communities. Benefits to be
derived from the application of trunked system technologies offer an
opportunity to enhance the operational capabilities of public safety
systems and the possibility of improved spectrum utilization. However,
a trunked system has yet to be configured and tested in an operational
law enforcement environment.

Though technology is available, the design dnd implementation of an
initial system involves innovation. As with any untried technology,
engineering problems must be resolved and implementation difficulties
overcome during installation of the first operational system. The opti-
mum configuration that fully exploits trunked concepts potential for
improved operational capabilities can only be determined by designing a
system to meet a specific need and then building and evaluating that
system's performance.

The practical demonstration of an operating system will be of benefit

to all potential users throughout the United States. Development of the
operating procedures, engineering data. operational concepts, and sys-
tem performance standards associated with such systems will provide sub-
sequent systems designers with the necessary foundation upon which they
can base the design of future systems that satisfy their individual
needs.

The risks and costs associated with the implementation of an initial
trunked, 900 MHz system are beyond the responsibilities of an individual
local community. Only the federal government is in a position to pro-
vide the initiative, resources, and level of responsibility needed to
resolve these issues in a manner having application to all potential
users. The federal government's role in developing technologies for use
by communities throughout the country gives it responsibility for es-
tablishing the objectives of a development program, monitoring program
implementation, evaluating results, and disseminating the technological
knowledge obtained.

The nature of trunked systems is such that large amounts of redundant
mobile equipment are required in a system large enough to illustrate

the principles involved and to demonstrate the objectives sought. Once
such a system has reached an operational status and its test and eval-
wation have been completed, the economic investment involved demands
that it serve on-going needs. It is therefore appropriate that the com-
munity selected for the demonstration system bear the costs of the hard-
ware that will ultimately be used in an operational system. On the
other hand, the federal government should provide those funds associated
with those program requirements peculiar to the development and demon-
slralion of the new technology, its evaluation and test.

The following program, therefore, is based upon the assumptions that a
designated, cooperative community will bear equipment and facility-
related costs associaled wilh the satisfaction of its nceds, and the
federal government will provide those funds associated with the develop-
ment of the innovative technology, its test and evaluation, and for the

technology transfer program needed to benefit the rest of the country.
5.1




Objectives of a Demonstration Program

This study has analyzed the abilily of trunked 900 MHz systems to meet
law enforcement needs and concluded that such systems are feasible and
will contribute significantly to the level of capability of law enforce-
ment agencies throughout the country. A review of technology has shown
that the capability now exists to implement such systems. Before indi-
vidual communities can address the significant planning, management,
funding and engineering problems associated with such innovative sys-

tems, a practical demonstration of the implementation and operation of
such systems must be accomplished.

The analysis conducted in Chapters II and III of this study indicates

that there are three obiectives to be satisfied by such a demonstratian
program. These are:

a) Identify the degree of increased spectrum utilization that can be
expected to result from the implementation of trunked technologies.
While analytical studies may yield evidence of spectrum savings
that might result from implementation of trunked systems, the
actual extent of such savings can only be determined with a reason-
able degrece of certainty by mecasurements made in an operational
environment. Such factual data must be accumulated before accurate
cost benefit judgments can be made for follow-on systems.

The demunstralion system employing Lrunked Lechnologies should
identify acceptable channel loading standards for a trunked system
in an operational environment and compare such loading with those
standards appropriate to conventional systems.

b) Demonstrate specific operational capabilities made possible by
trunked technologies, and the effects that such operational im-
provements can have upon using agencies' capabilities. Trunked
technologies offer an opportunity for a new approach to law en-
forcement communication system design, and the potential for sig-
nificant improvements in their performance. A suitable demonstra-
tion program should develop these concepts, demonstrate their use-
fulness, and provide a functional model for other agencies to
follow in systems of their own.

c) Resolve engineering and procedural problems. The demonstration
program should resolve possible engineering problems that can arise
in the implementation of new technologies. Procedural and organ-
izational policies that may be necessary to fully exploit the
potential of new technology should be identified. Upon completion
of such a program, other agencies can then adapt these concepts and
technologies to their own needs.

Program Qutiine

The development of a new technological capability and its subsequent
application to practical problems must follow an orderly process.

While various system development and technology transfer program out-
lines have been developed, most include similar steps. In view of con-
siderations of economy, the status of technology, and the management
structures likely to be involved in the development of 900 MHz trunked
systems, a program consisting of five phases is recommended. These
five phases are:
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Phase 1.

Feasibility Determination

Phase 2.

A program to introduce untried technology or procedural concepts
<hould first determine the technological and operational feasi-
bility of the ideas involved. Such a determination requires
analysis of the proposed technology and determination of its
potential applicability to the problems needing solution. Assum-
ing that the analysis indicates the feasibility of the technology,
it is then necessary to identify those questions and/or problems
that can best be resclved through practical demonstration. Once
the feasibility has been established, the outline of a plan for
implementation and test of a demonstration system should be pre-
pared.

Functional Requirements Development

Phase 3.

A demonstration program requires the definition of specific
functional objectives to be satisfied by the demonstration system.
A site for the demonstration model must be selected and the speci-
fic functional requirements of the system to be implemented in
that environment identified. A detailed schedule for implementa-
tion, including costs and management concepts, should be prepared.

Implementation Program

Phase 4.

Based upon the functional requirements and program schedule
developed in Phase 2, an organization responsible for implementa-
tion management should be designated, specitications prepared, and
procurement activities resulting in equipment design, test and
production accomplished. After successful testing of the devel-
opmental system hardware components, fyll scale production and
installation can proceed. Once installation is completed, the
individual components of the system can be tested to assure com-
pliance with specifications. This step is necessary prior to
overall system evaluation to assure that subsequent system per-
formance measurements are uncorrupted by data clouded by faulty
component performance.

Test and Evaluation

Phase 5.

The test and evaluation program has two objectives. The first is
to determine if the individual pieces of equipment perform as
specified and then 1o deltermine if they combine properly into a
system that fulfills the functional requirements established at
the outset. The second objective is to determine the extent by
which these functional requirements contribute to the original
goals of the program, tor example, improved ayency effectiveness,
increased resource utilization efficiency, improved spectrum
utilization, etc. The test and evaluation program determines how
well the system, taken as a whole, satisfies the operational
needs. It provides a basis for cost/benefit decisions by future
users of the technology. It also provides information needed to
specify system parameters so that they can be applied by other
users in developing systems of their own.

Technology Transfer

Data acquired during implementation, test and evaluation must be
made available to potential users of the technology. It should
therefore be developed in a manner that will provide maximum
assistance to other agencies who might benefit by application of
the demonstrated technologies.




The cost and duration of each of these Phases are functions of the
system to be developed and the problems to be solved. The following
demonstration program for a trunked 900 MHz law enforcement telecommuni-
cation system describes each of these five Phases in terms of the objec-
tives presented in Section 5.1.2. Since it constitutes the next step

of a recommended program, Phase 2, the Requirements Development, it is
presented with a degree of detail. Phases 3, 4 and 5 are each presented
in diminishing detail as they are progressively further in the future.

5.2 PLAN FOR THE DEMONSTRATION PROGRAM

5.2.1 General

The following Section discusses each of the above five Phases as applied
to a 900 MHz trunked system program. The objectives of each Phase are
described, and the steps that must be accomplished to attain these ob-
Jjectives presented. Budgetary and schedule considerations are contained
in Sections 5.3 and 5.4.

5.2.2 The Feasibility Study

The objective of Phase 1 of the 900 MHz program is to evaluate the
feasibility of the proposed technical concepts as they may apply to the
problems presented. The analysis, conclusions and recommendations pre-
sented in the preceding Chapters of this study constitute such a study
and represent Phase 1 of a program to develop and introduce to the law
enforcement and public safety communication communities the innovative
concepts and technical advances innerent in the development of 900 MHz
trunked communication systems. It has described these new technologies
and their potential to contrihute to the operational capabilities of the
nation's law enforcement agencies. It concludes that such technologies
are feasible and within the present state of the art. It points out the
objectives of a practical demonstration. It provides the basis upon
which to make decisions to procecd with the next step, 'i.e., the need
for identification of the specific functional requirements of a demon-
stration system.

5.2.3 Requirements Development

The objective of Phase 2 of the demonstration program is to provide a
detailed description of the functional requirements that must be met

by the model system. This statement of specific functional requirements
should be in sufficient detail to . permit accurate budgetary forecasting
and the development of contract specifications. To do this, the commun-
ity in which the model system is to be implemented must be selected.

The specific operational functions that must be performed by the law en-
forcement communications system of that model community have to be de-
fined. Phase 2 also includes an information acquisition phase during
which information pertaining to the operational impact of 900 MHz propa-
gation phenomena is accumulated. This information will be of signifi-
cant importance to those making system configuration decisions for
follow-on programs.

5.2.3.1 Site Selection

The selection of an appropriate community to be designated for the con-
duct of this demonstration program is one of the first steps that must
be taken in this Phase. The criteria for this selection are as follows:




a) the selected model community must be a voluntary participant in the
test program;

b) a new law enforcement communication nctwork should be needed by
that community. An appropriate standard might be that the commun-
ity's present system be in excess of seven years old or that signif-
icant, new requirements have developed that require the implementa-
tion of a new system.

c) The electromagnetic environment should be such that the 900 MHz
portion of the spectrum will prove suitable coverage. The need for
repeater transmitters to fill shadow areas makes the introduction of
trunked concepts technically difficult at this time and could cause
costs not directly related to the objectives of the demonstration
program. Therefore, the area of reguired coverage should lie within
a radius of 20-25 miles and terrain be such to permit coverage from
a single transmitter location. (This does not preclude a second
site for backup, reliability purposes, or the use of satellite
recejvers.)

d) The community must be willing to commit funds needed for the capital
outlay required to support its share of tne project costs. These
funds may include local monies, other Federal (LEAA Block Grant
program) funds, or combinations thereof. The community must also
be willing to provide project management personnel, site facilities
and locations, and other resources necessary for such a program.

e) Officials in the community should be willing to work with the LEAA
and/or its designated representatives in the conduct of the test
and analysis portions of this project.

f) The community should be representative of a typical urban metropolis
that might utilize the 900 MHz spectrum. While it must he large
enough to demonstrate the usefulness of multichannel trunked sys-
tems, it should not be so large as to require an excessive level of
redundant hardware to produce the needed test results. A law en-
forcement agency (or combination of agencies) employing more than
300 mobile units would be appropriate.

g) Since trunked portable units are not likely to be commercially
available in time for the demonstratian program, the community's
law enforcement communication operational concept should be such
that portable units will not be required for several years or that
the requirement can be satisfied by a hybrid {trunked mobile and
conventional portable) system.

The final decision regarding the site to be selected should be made by
the LEAA.

The selection of an optimum site for the demonstration of a technologi-
cally and operationally complex system is important. Much of the
success or failure of the program and the unltimate costs associated
therewith will, to a great extent, depend upon the appropriateness of
the demonstration site selected. To assure that all suitable candi-
dates are considered, a nationwide survey to identify all cities meet-
ing the specified criteria should be conducted. The survey could be
accomplished by providing specific criteria in accordance with the con-
tents of Par. 5.2.3.1 to the Chapters of APCO. These Chapters are in
an excellent position to identify those cities within their regions
meeting the above minimum criteria.

From this list of voluntary participants, discussions could be held
with community representatives to further refine mutual understandings
of the opportunities and responsibilities involved. From these dis-
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5.2.3.2

5.2.3.3

5.2.3.4

cussions a list of those cities (approximately five) willing and able to
participate would be presented to the LEAA for its final determination.

Management Relationships

Once a site has been selected, representatives of the agencies partici-
pating in the program should develop a Memorandum of Agreement defining
the roles and responsibilities of each of the participating agencies.
This Agreement should identify overall project management responsibility
(which should be vested in the law enforcement agency actually procuring
and using the system) and the areas of participation by other partici-
pants in the project. It would also outline the development program,
jdentify schedules and specify funding responsibilities.

Propagation Data Analysis

The feasibility study conducted under Phase 1 of this program (APCO's
Project 16) raises questions regarding potential operational problems
that can occur under certain conditions of propagation. The extent and
nature of these problems should be determined, based upon the practical
experience of the agencies now employing such systems. Concurrent with
the site selection activity, a survey of those principal 900 MHz law
enforcement systems that have become opcrational as of the outset of
Phase 2 of the program should be conducted. Data describing the oper-
ational experience with these frequencies should be accumulated. Any
information available regarding the techniques used to overcome such
problems should also be acquired.

This data should be available by the time the final system configuration
decisions are made. In this way the data will be available for analysis
and application to the individual requirements of the model community at
the time the functional requirements are prepared.

The Development of Functional Requirements

Once the community in which the model system is to be installed has
been selected, those functional requirements of the law enforcement
communications system that must be satisfied to meet the needs of that
city can be determined. Such functional needs must be developed in
close cooperation with the authorities of the city selected. They must
rccognize the operational procedures and responsibilities of the agen-
cies involved. They should explioit the many potential capabilities
inherent in the digitally addressed, trunked system concept that will
best serve the needs of the community, are technologically and economic-
ally practical, and serve the objectives of tne demonstration program.
They must also be developed in a manner to insure the orderly transi-
tion from the existing system, with its established procedures, to the
new system.

These functional requirements must include the need to develop pro-
cedures, train personnel, provide documentation, and define maintenance
requirements as part of the implementation of the new system. The in-
novative nature of trunked systems and their potential for new opera-
tional capabilities require that the development of the functional
requirements include concepts beyond the usual scope of law enforcement
systems development activities. Individuals familiar with the poten-
tial capabilities of trunked systems and their operation should be
selected to participate in the development of this functional require-
ments documgnt. Those individuals with broad experience in law enforce-
ment communication systems and also having the technical background
needed to appreciate the potential benefits to be derived from such SYys -
tems should be chosen.
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5.2.3.5 Summary
Phase 2 of the program will yield the following specific results:

a) selection of a community for the demonstration program and the
development of necessary management agreements;

b) the accumulation, consolidation and analysis of available informa-
tion regarding the operational impact of 900 MHz propagation based
upon practical experience with installed systems;

¢) a functional requirement statement specifying those system per-
formance requirements that must be met by the 900 MHz trunked sys-
tem to be demonstrated. This document will provide the basis for
the development of the statement of work and specifications for
hardware development and installation.

5.3 IMPLEMENTATION PHASE

5.3.1 General

The implementation program will involve the development of equipment
that requires new configurations of existing technologies. A complex
portion of this program will be the development of the software (control
language) needed to accommodate the functional requirements of the sys-
tem. The statcment of work and equipment specifications can be pre-
pared based upon the functional requirements document prepared in

Phase 2 of the program. Upon commitment of funds by responsible agen-
cies, this statement of work can be jssued to the vendor community as

part of a request for proposals. A competitive source selection process
would then be conducted to select a development and implementation con-
tractor.

A working model of Lhe system must be demonstrated before production is
authorized to test equipment design and to de-bug the software. This
can be done by specifying a multi-phased hardware development and pro-
curement program, in which the vendor is required to demonstrate a work-
ing model of the system, including the control channel, command lan-
guage, base station RF equipment, and two or more mobile units (as a
minimum) before receiving approval to proceed with production of the
total system.

Once the system is installed, the individual components of the system
should be tested, then the entire system tested as a whole. Review and
analysis of the test results by the using agency will provide the basis
for system acceptance.

5.3.2 Specification Development

Given the approval of the functional requirements document developed in
Phase 2 of the project, hardware performance specifications should be
prepared to provide vendors with the specific technical and environment-
al requirements upon which to base their proposals. These specifica-
tions should be prepared by a team of individuals familiar with the
overall program and its goals and objectives, representatives of the
model community knowleageable in the needs of their agency, and consult-
ing technical specialists qualified in RF equipment and trunked system
design.

lhe speciftications should also define those hardwafe capabilities and
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the test points or interfaces needed to permit measurement of those
individual hardware and system performance factors identified in the
test program (see Section 5.5 below). It would contain the following
sections: General Conditions, Special Conditions, Scope of the
Specifications, Equipment Specifications, Performance Verification,
Training, Maintenance, and Schedule.

The Statement of Work (SOW)

The SOW should be prepared by the same team that prepares the specifica-
tions and incorporated as a part thereof. It should outline a phased
program, i.e., demonstration of a working model (probably at the
vendor's facility), installation of the system, test and checkout of the
system, and system cutover from the existing system to the new trunked
system. The SOW should also identify the requirement to demonstrate a
working sample of the system before full scale production is authorized.
The procuring authority should have the option to terminate the contract
in the event of unsatisfactory performance of the model, at minimum
cost. An important element of the SOW will be the definition of what
constitutes an "acceptable system" and how it will be demonstrated.

The SOW should specify maintenance support of the system for a minimum
period (probably one year) after system acceptance, and include "over
the shoulder” training of maintenance personnel if in accord with the
maintenance concepts of the using agency. It should include the re-
quirement for the development of any specialized system management
and/or operational procedures that might be necessitated by the new
technology. It should also include training personnel in any new oper-
ational techniques.

The work statement should incorporate those phases of the test and eval-
uation program (see Section 5.5 below) that can best be accomplished by
the development contractor. This would include testing of individual
hardware items, identifiable systems, and overall system operation.

A cutover program should be defined, specifying the maintenance of the

required level of operational capability by the using agency during the
transition period. Vendors should be required to submit detailed plans
for cutover as part of their proposals.

Procurement, Installatijon, Test and Acceptance

Procurement responsibility for the system should rest with the community
in which the demonstration system is to be installed. A procurement
team should be established, under the direction of a Project Director
who has been designated by the agency that will eventually be the user
of the system. This procurement team should include technical and oper-
ational representatives of the using agency in addition to personnel
experienced in the demonstration program itself, as representatives of
the sponsoring federal government agency.

This procurement team should act as the source selection board, super-
vise contract activities, monitor contractor progress, review contract-
or tests, and make recommendations regarding hardware and system accept-
ance. This team should be the only group having authority to recommend
contract changes.

The procurgment team, under the direction of the Project Director

should monitor installation, acceptance testing, and cutover acti&ities
[t should also have access to the resources and administrative channels.
needed to coordinate installation and cutover activities.
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Those members of this team representing the sponsoring federal govern-

ment agency should be responsible for preparation of and submission of

test reports that will document for future use by others, the technical
data and program-related experiences obtained during the implementation
phase of the project.

THE TEST AND EVALUATION PROGRAM

The QOverall Testing Concept

The complete test program for a 900 MHz trunked system incorporates
four levels of test and evaluation, several of which are interleaved
with other phases. The first level of tests determines the adequacy of
the basic system design and hardware configuration prior to serial pro-
duction. These tests will demonstrate the validity of the engineering
concepts employed by the vendor and jdentify possible interface prob-
Jems. Upon successful demonstration of this mock-up system, production
and installation can proceed.

The second level of testing, conducted by the contractor after install-
ation is complete, is a component_by.component test to demonstrate that
the individual elements of the system function in accordance with their
design specifications. In the event that inadequacies are found, the
contractor should be held responsible for their correction.

The third level of testing is the overall system test. This test. also
conducted in conjunction with the implementation contractor, demon-
strates that the system "plays together" as designed. These tests show
that interfaces have been properly configured and the system performs
as required.

The fourth level of the test program provides an evaluation of the
functioning of the system, showing its ability to meet those operation-
al goals established in the tunctional requirements statement. This
phase of the test and evaluation program will be conducted under Phase 4
of the program. It includes analysis of data acquired during preceding
Phases to document the solutions to the problems and the answers to
questions posed at the outset of the program. Performance of the sys-
tem in the operational environment must be monitored to evaluate the
extent by which the system meets its objectives. The test and evalua-
tion Phace should yield a document, or series of documents, suitable
for publication and future use by all who might benefit trom applying
trunked system technologies to the problems of their own agencies.

Such documentation should include a description of the system's perfor-
mance, its tcchnical operation, suggested operational procedures, and
any other topics that might be of assistance to those agencies who
could benefit from implementation of the concepts developed.

This evaluation phase is to be conducted after the system has been cut
over and is functioning in an operational environment. The data col-
Jected, as outlined in the test program, will provide a factual basis
by which the performance of trunked systems can be compared with con-
ventional systems. This information would describe average delay times
as a function of number of units per channel and similar factors that
affect level of service. The number of RF channels available for use
would be varied during various conditions of operational loading and
the effects on message delay measured. The figures recorded would show
average amount of air time vs. channel occupancy, and system and com-
ponent reliability. The information acquired during this evaluation
will provide insight into the potential for enhanced operational cap-
ability of trunked systems, and constitutes an important source of
relevant data upon which to base future spectrum management decisions.
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A test and evaluation program as outiined must be conducted by a tech-
nically competent group, familiar with the trunked systems program and
also familiar with the operational needs of law enforcement agencies.
This group would work under the sponsorship of the government agency
that provides overall direction of the program. The results of its
work constitute the source data for the following technology transfer
program.

TCCHNOLOGY TRANSFER

Once a demonstration system has been implemented and its test and evalu-
ation completed, the remaining task of the program is to make the knowl-
edge and experience yained available to the entire community.

There are three elements to such a task. The first is to accumulate

the engineering and operational data in a manner useful to the several
levels of individuals involved in implementing such systems in their own
communities. These levels include the executive personnel who make
decisions that determine the availability of implementation funding, the
operational personnel whose judgments determine functional suitability,
and the engineering personnel whose skills make possible the design and
operation of such systems.

The second requirement of a technology transfer program is publicity.
The information collected will be of scant value if potential users are
unaware of its existence. A concerted effort should be launched by in-
volved government agencies to make state and local officials aware of
the results obtained from the program. This can be done by publication
in the trade press and participation in appropriate professional and
government-related association conferences, meetings and seminars.

The third element of a successful technology transfer program is the
availability of those individuals whose participation in the program
gave them experience and knowledge that would be of significant value to
other agencies contemplating the installation of trunked systems of
their own. Such people should be considered a valuable program-related
asset, and their identity, location and availability should be provided
to potential system users.

SCHEDULE

Chart 5.1 shows the recommended schedule for the demonstration program.
This schedule assumes the sequential implementation of each phase ot the
project to insure continuity of personnel and agency involvement. It
also assumes the availability of funds (see Section 5.7) in time to
authorize the heginning of each step of the program immediately follow-
ing the completion of a preceding step. It further assumes that activ-
ities necessary to secure funds and authorizations necessary for each
phase of the program are accomplished in conjunction with the preceding
phasc.

This schedule is intentionally generalized. It depicts only major
phases and tasks so as to present a view of the overall scope and dur-
atjon of the demonstration project.

BUDGET

The program budget is based upon the same assumptions listed under
Section 5.6. The budget presented further assumes the continuation of
present costs and a gompetitive source selection process for hardware
development, production and installation, and the participation of
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individuals representing the model city at no cost to the project.

Costs of the program are divided between the federal government and the
model city. The division of costs is based upon the assumption that
those program costs related to development, evaluation and technology
transfer are allocated to the federal government. Those costs involved
in the production, installatlion, and acceptance of system hardware are
to be borne by the using community.

Under this concept, the federal government will be responsible for
Phase 1 and Phase 2 of the project. That portion of Phase 3 that in-
cludes development and test of the mockup model is also a federal
responsibility. Costs of hardware production, installation, cutover,
and training costs are assigned to the model city. Costs of Phase 4,
Test and Evaluation, and Phase 5, Technology Transfer, are shown as
costs to the federal government.

Phase 1, the Feasibility Study, has been accomplished with the sub-
mission of APCO's Project 16 report and, therefore, funds associated
with this task are not shown. Since no date for the beginning of each
task can be reasonably assumed at this time, cost schedules are related
to the program time frame in which the task is to be accomplished, not
to a specific fiscal year.

The costs of equipment production and installation are dependent upon

the size of the model city selected, the number of mobile units to be

used, and the number of RF channels to be used in the system. For the
purpose of this budget, a system employing 300 mobile units and six RF
channels will be assumed.
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APPENDIX I

COMMENTS OF ASSOCIATED PUBLIC-SAFETY COMMUNICATIONS OFFICERS,
IN THE MATTER OF

INQUIRY INTO THE PRACTICES AND
PROCEDURES FOR SPECTRUM MANAGEMENT
IN THE LAND MOBILE SERVICES GOVERNED

BY PARTS 39, 91 AnD 93 OF THE COMMISSION'S RULES

DCCKET No. 21279

(EXHIBITS OMITTED)

INC.

(aPco)




BEFORE THE

Federal Communications Commission
WASHINGTON, D. C. 20554

In the Matter of

Ingquiry into the Practices and
Procedures for Spectrum Management
in the Land Mobile Services Governed
by Parts 89, 91 and 93 of the Com-
mission's Rules.

Docket No. 21229

Comments of Associated
Public-Safety Communications
Officers, Inc. (APCO)

The Associated Public-Safety Communications Officers,

Inc. (APCO), by its attorneys, submits the following comments
1/

in response to the Commission's Notice of Inquiry herein.

Introduction to APCO and
Its Spectrum Management Activities

APCO is well known to the Commission as the nation's
oldest public safety radio organization. Through its thirty
active chapters and 3100 members, APCO has been a major force
in public safety communications for the past forty years. APCO
members are drawn from police, fire, local government, highway
maintenance, emergency, and foréstry conservation agencies; and

many members have worked as volunteer frequency coordinators for

1/ Notice of Inquiry, Docket No. 21229, FCC 77-287, released
May 17, 1977 (hereinafter cited as "Notice").
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various public safety radio services. The association has
participated in lengthy and thorough investigations of numerous
public safety radio topics including frequency coordination and
implementation of statewide public safety telecommunications
planning.l/

Through its activities in support of effective public
safety radio systems, APCO has taken the lead in recognizing and
adapting to changes in the functions and technical capabilities
of public safety radio systems. APCO supported the introduction
of digital technology, for example, as a means of performing
tasks like vehicle monitoring and telemetering of emergency medical
data. APCO has encouraged the trend toward integrated public
safety radio systems which combine police, fire, ambulance, and
emergency services into planned and cocrdinated systems necessary
to meet their public responsibilities for saving lives and property.
Finally APCO and its chapters héve served as one of the official
frequency coordinators for public safety applicants in the 470-

2/
512 MHz band as well as in lower bands.

1/ APCO's Frequency Coordination Manual (Project 5) and the

~  recent investigation of statewide telecommunications planning
(Project 13 and 13a) funded by the Law Enforcement Assistance
Administration are particularly applicable to the Commission's
endeavors. An earlier manual of Public Safety Standard Opera-
ting Procedures (Project 3) 1is also pertinent to this inquiry
and will be referred to at various points. A list and brief
description of APCO's 16 projects and studies in the public
safety communication field are included as Exhibit IT.

2/ See, Land Mobile - UHF TV Sharing, 30 F.C.C.2d 221, 232;
27 F.C.c.2d 371 (1971).
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The Commission's Notice requests comments on matters
at the heart of APCO's ongoing activities. The Notice announces
a new regime in land mobile spectrum management to be comprised
of a nationwide data base of land mobile systems, standardized
frequency coordination procedures followed by private (non-FCC)
groups, and monitoring of land mobile transmission to chart
channel utilization. (paragraph 1). Much of the analysis in the
Notice is drawn from the Commission's experience with the Chicago
Regional Spectrum Management task force which attempted a cen-
tralized and computerized approach to frequency assignments and
spectrum management. The Commission has determined to carry
over the concept of a computerized data base and channel monitoring
from the Chicago plan, while turning to private frequency coor-
dinators for the bulk of the work in advising applicants and re-
commending freguencies. (paragraph 21). Comments were requested
on each element of *he plan, particularly the organization of
the data base and the format for channel monitoring and use of
channel occupancy data. (paragraph 20, 34). Standards and guide-
lines for frequency coordinators are to be promulgated by means
of a rulemaking proceeding devotedA to that topic (paragraph 22).

The Commission's plan for spectrum manajement is ambi-
tious and far-reaching; it calls for serious and thoughtful
efforts on the part of the Safety and Special Radio Services Bureau

and the land mobile community. To respond to the proposals and
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topics set forth in the Notice, APCO has assembled a Special

task force made up of members with experience in spectrum manage-
ment and frequency coordination matters. The task force includes
representatives of all geographic regions of the country anid orf
state and local public safety organizations. Some members were
active in the Chicago area regional spectrum management experiment
from which much of the data and proposals in the Notice were drawn.
The comments presented by APCO reflect the collective judgments

of the task force, the officers and the National Office, made

after extensive study and debate.

Summary of Comments

The Commission has requested comments on three distinct
buit related phases of an overall spectrum management program:
the organization and use of an FCC data base; a system of pri-
vate frequency coordination; and a program of monitoring actual
spectrum usage. For convenience, APCO will direct its comments
to each of these elements in turn.

The FCC Data Base can be analyzed in terms of its

three primary elements: a) what information belongs in the data
base? b) how to acguire and accurately maintain the needed data?
and c) how and to whom should the information be made available?

The Commission has made excellent progress in developing a number
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of elements for its data base, and it has recognized that the
primary responsibility for building and operating the data base
rests with the FCC alone. APCO has made certain suggestions
regarding the list of data items developed by thc Commission
which are attached as Exhibit 1.

At the same time, we feel that the Comm ssion's list
of data items fails to come to grips with the basic issues of
deriving meaningful channel loading criteria and incorporating
the data that determines compliance with that criteria in the
data base. That is, determination of the constituent elements
of channel loading criteria is basic to any rational decisions
regarding spectrum management, and this determination cannot
rest on number of mobiles alone. The monitoring data acquired
by the Spectrum Management Task Force (SMTF) and set out in
Appendix B shows the lack of correlation between numbers of
vehicles assigned per channel and channel occupancy in terms of
air time. Further, neither of these factors describes channel
utilization in the context of how that utilization pertains to
the ability of public safety systems to meet their responsibilities
in the publie "interest, convenience, or necessity.” Until measure-
ment of channel utilization in relation to needs is established,
decisions regarding channel assignments must be arbitrary and
devoted to the minimal objective of preventing interference between
channel users rather than structuring a spectrum management program

that accounts for the wide range of public safety responsibilities.
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In the absence of comprehensive criteria relating
channel usage to the licensee's needs, then the level of ser-
vice, i.e., the waiting time or probability of delay that is
acceptable to cach channel user, should be the criteria by which
the maximum or optimal channel loading can be measured. Numbers
of vehicles per channel is only one factor that determines the
level of service that can be expected. Average message length,
message handling time, and frequency of messages per unit bear
just as heavily upon channel availability as does the number of
vehicles assigned to the channel. Since these considerations
are fundamental to channel usage and critical to frequency assign-
ments and channel sharing concepts, this information or its
algorithm should belderived for each service and incorporated
into the data base.—/

In sum, APCO believes the Commission should employ
tools that measure channel loading in terms of the licensee's
service needs and activities, and incorporate the appropriate
data items in the data base. Additionally, procedures to validate
data base information periodically need to be adopted.

Once the structure of a data base has been established,
the next problem is to develop the machinery and procedures
needed to acquire and maintain such data with the degree of accu-

racy required. It is APCO's position that the acquisition and

1/ See, APCO's An Introduction to the Theory of Waiting Times,

- Thomas Church and Janis Church, December 15, 1973. This
study contains information needed for a mathcmatical calcu-—
lation of waiting times for a public safety system.
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maintenance of such a data base is clearly the responsibilitf
of the Commission, since only the Commission has the authority
through its licensing procedures to insist that such data be
provided by the users of the spectrum and to apply sanctions to
those who fail to comply. bnce the data is collected, the
organization and storage of such data is a purely mechanical
function that can be accomplished by systems developed by the
FCC or by a private data processing ofganization under contract
to the Commission.

Finally, the data base must be made available to
those most needing it. As long as the Commission must depend
upon others to fulfill its responsibility by coordinating fre-
quency selections, the Commission has the duty to support those
coordinators with the tools they need. Since public safety
coordinators serve the Commission on a voluntary basis, the
Commission must assume the responsibility of providing them the
means of access to its data at virtually no cost. A toll free
number by which a coordinator can obtain immediate access to the
data base may be adequate in many cases. In others, a terminal
accessing the data base at the coordinator's location may be
appropriate. In all cases, updated printouts of licensees and
activities in the pertinent areas should be provided to each

coordinator on a periodic basis.
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Turning to frequency coordination, APCO has long
maintained that the responsibility for frequency assignment and
spectrum managcment rests with the Commission. Under present
and foreseeable levels of Commission resources, however, APCO
wholeheartedly concurs with the Commission's recognition of the
role that must be played by volunteer service coordinators.

APCO will continue .to participate in such a program and support
the Commission to the limit of APCO's abilities. Should the
Commission determine that it is in its best interests to develop
a single point of contact for public safety coordination, APCO
is willing to provide such a service on a represaeantative basis.

The role of coordinator is of such magnitude in sgpac-
trum management that plans and policies associated therewith
must be based on a realistic evaluation of current resourcas.
When the nationwide data base attains the necessary accuracy and
completeness, coordination policles can be based upon the exist-
ence of such data. However, until such a data base becomes

available, the coordination function and procedures should rely

on the information that now exists and the present workable system.

We also suggest that any program of coordination should incor-
porate the development of guidelines that define the responsi-
bilities for and standards of all coordination performed under
the auspices of the Commission, so that the Commission's "audit"

1/

function can be fairly performed.

1/ Guidelines for coordination procedures should be prepared
by user qroup:s 1n conjunction with the Commission staféf.
APCO offers 1ts tullest support to the Commission in thae
development of such standards and quidelines.
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Finally, the Commission is aware of APCO's belief
that the development of statewide, municipal, and regional
planning for public safety systems is beneficial to both the
taxpayer and the Commission.i/ Such systems enhance the opera-
tional capability that public safety agencies can provide from
a given level of resources and, when conceived with sufficient
consideration of spectrum conservation needs, work toward the
Commission's stated objective of increased efficiency in spectrum
utilization. The Commission's present procedures fail to accom-
modate the spectrum planning and long term implemcntation schedule
often associated with such systems, and this deficiency should
be corrected by.the development of procedures and cgiteria for
approval and implementation of public safety plans._/

In terms of the Commission's spectrum monitoring pro-

gram, APCO supports the Commission's determination to improve its
spectrum management data and has suggested parameters for mea-
suring public safety radio needs and uses. To the extent that
the Commission considers its present, limited capability for
spectrum monitoring within localized areas be of cost effective
assistance to its accomplishment of its spectrum management

responsibility, we support the Commission's decision. We do not,

1/ See, Notice of Proposed Rulemaking, Docket No. 21350,
FCC-77-523. August 30, 1977, at para. 5.

2/ See also, APCO's Comments in response to the Notice of Pro-
posed Rulemaking, Docket No. 21350, filed October 7, 1977.
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however, feel that any tool of such limited applicability should
be considered to be a panacea; proper spectrum management must
be based upon the Commission's commitment of adequate resources,
continously available, on a nationwide basis. For the interim
period, it should be noted that valuable channel utilization
data can be obtained from the licensees by requiring relatively
inexpensive and unsophisticated monitoring devices, entries in

station logs, channel recorders, and other steps.
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Discussion

I. An Accurate and Accessible Data Base
is Essential to Any Long Term Spectrum
Management Plan.

In discussing the Commission's desire for an effective,
long-term scheme for frequency assignments and spectrum manage-
ment in the land mobile services, one point must be confronted
directly and on a threshold level. An effective spectrum manage-
ment plan is critically dependent on an accurate and accessible
data base organized and maintained by the FCC and containing
the information on which spectrum decisions can be reached. No
other party is in a position to compile and maintain a compre-
hensive data base because no one but the FCC controls the assign-
ment of all frequencies, licensing and renewal of licenses, and
the enforcement of technical standards. No other agency has the
authority to establish standards and to impose sanctions for
non-compliance. Thus it is readily apparent that the Commission
holds the key to the success of its spectrum management plan in
the establishment and maintenance of an accurate, up-to-date,
and accessible data base.

The utility of the data base in frequency assignments
under current spectrum management policies depends directly upon
accurate information as to the present occupancy of frequencies,
the technical and operational characteristics of the occupants
and the extent of their use of the channel. Undcr the block sys-

tem of assignments of frequencies to each radio service, the
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local frequency coordinators and the FCC Staff could keep

fairly simple records of channel assignments and occupancy.

Major additional complexities arose, however, when the concepts

of pools of kindred services and mandatory channel loading
standards in terms of mobile units were introduced in Docket

No. 18261.3/ For assignments from the General Access Pool and

the 900 MH=z channels,g/the frequency coordinator is presently
totally dependent upon the FCC for information as to which channels
have been assigned to the various services and licensees. The

FCC responsibility for day-to-day coordination and fregquency

3/
selections has grown proportionately.

1/ The Commission determined to assign frequencies by service

- pools rather than individual services in its decision to
allow sharing of certain UHF-TV assignments. The frequency
coordination systems in the lower bands adapted to the ser-
vice pool concept by expanding the services performed by
major coordinating groups. Land Mobile - UHF-TV Sharing,
27 F.C.C.2d 371, 30 F.C.C.2d 232 (1971).

2/ In Docket No. 20909, the FCC determined to place all re-

T maining unassigned channels in the UHF-TV shared band,
470-512 MHz, into one General Access Pool rather than leaving
unassigned channels in the service pools. Report and Order,
FCC 77-226, April 18, 1977. The channels allocated at
900 MHz were placed in a single pool at the outset, with the
FCC staff making all assignments. Second Report and Order,
46 F.C.C.2d 752 (1974).

3/ In order to improve 900 MHz frequency assignments, some fre-
T quency coordinators have petitioned the FCC to allow private

coordination in 900 MHz frequency selections by assigning
coordinators certain starting points in the channel pool.
See, RM 2908, Comments filed July 20, 1977. For the General
Access Pool, frequency coordinators are advised by the FCC
when a channel has been assigned to their services, and
coordination work starts anew from the channels assigned.
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When the problems of increasing size and complexity
of public safety systems are added to those of pooling channels
and mandatory channel loading standards, the information required
by the frequency coordinator and the FCC becomes more complicated.
With inter-service, co-channel, and adjacent channel sharing,
information is needed on the types of systems operated by each
licensee, including: the antenna height and power of the systems;
the functions performed by each system; the number of mobile or
portable units involved: the location and antenna characteristics
of remote receivers; the type and frequency of tone control de-
vices employed; and any other unique aspects of each system.
Those factors that affect channel availability, such as message
length, messages per unit and number of units per channel, are
some of the additional topics that must be considered in making
channel usage decisions. A computerized data base offers the
best mechanism for keeping accurate and accessible records of
existing and proposed systems and their characteristics. The
Commission is to be commended for moving toward the goal of a
data base in which this vital information is coded, indexed, and
stored for easy retrieval on a timely, inexpensive basis.

A. Items of Information Needed in
the Data Base.

Turning toc the specific items of information to be
included in the data base, a number of items should be added to

the list for the new application form in Appendix A. These iters
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range from the telephone number of the applicant to the antenna
pattern for any remote receivers. For the Commission's con-
venience, APCO's suggestions have been added to the format in
Appendix A, and a revised list is attached to these Comments

as Exhibit I. Most of the suggestions are self-explanatory,
but a few-items will be emphasized briefly here.

In the section Nature of Proposed Modification (Item 5),
the list of technical characteristics should he revised to
state (A) "change in power" and (E) "change in artenna height,
gain or directivity" instead of "increases" in those factors.
The assignment of channels may be affected by a reduction or
other change in power, antenna height, gain and directivity,
as well as by an increase therein, and information on any changes
will be needed by the frequency coordinator. Other useful in--
formation includes an incremental estimate of mobile units
(Item 6 II) and the number of portabhle-mobile units as a class
of mobile units.

In technical data (Item 8), a category should be added
for Coded Tone Squelch frequencies or systems, since the use and
characteristics of these systems have a significant impact on
adjacent and co-channel compatibility. Other items should be
added to cover the antenna pattern and direction, the antenna's
center radiation point and the antenna pattern of any remote
receivers, since such characteristics affect the potential for

interference to and from the system.
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The above suqggestions to Appendix A of the Notice
are essentially minor in nature; APCO's major recommendation
1s that the Commission develop accurate and meaningful criteria
for measuring channel loading and that this data be incorporated
in the data base. 1In the public safety area, channel loading
criteria in terms of numbers of mobile units or portables per
channel are inadequate to describe the actual usefulness of the
channel in meeting public safety responsibilities. Factors
that affect waiting time before access to the radio system,i/
such as average message length, message handling time, and fre-
quency of messages are crucial determinants of whether a public
safety radio system provides the support required by public
safety personnel. 1In many cases, for example, a lengthy waiting
period for a: cess to the system can mean the difference between
life and death for police officers, victims of crime and fire
disasters, and others involved in emergency situations. The
other named parameters of service have similar impacts on the
actual functioning of public safety systems to meet their
responsibilities.

APCO recognizes that a loading criteria based on the
number of mobile units is simpler and easier to administer than
parameters that determine waiting time, such as message length,
frequency of messages and the like; but the simplicity of the
present criteria should outweigh their severe drawbacks in accuracy.

The Commission must devise a more accurate and sophisticated

1/ See, APCO, An Introduction to the Theory of W .lting Times,
Thomas Church and Janls Church. December 15, 1973.
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measure of channel occupancy for public safety systems based
on the role they play in public safety operations. Numarous
studies have been made of police and other radio systems,l/
and these resources are available to help the Ccimission in
determining adequate channel loading criteria. Without this

effort, however, the Commission's data base will not reflect

public sarety needs.

B. Access to the Data Base.

Access to the data base may depend in large part on
the scheme of frequency coordination which the Commission adopts,
as the frequency coordinators and the FCC Staff are seen as
the primary users of data base. Nonetheless, a number of general
observations can be made regarding the kind of access ueeded by
any network of coordinators. First, some coordinators may need
on-line access to the data base by means of a toll-free telephoné
network, or from low-cost terminals connected to a telex or TWX
network. Such instant access to valid data may be a necessity
in some areas to provide accurate, current information when the
frequency coordination work load is heavy. Since the coordinators
are performing a job that is essentially the FCC's, moreover, pro-

vision of the tools they need should be an FCC responsibility.

1/ APCO's Project 3 was one study of police radio operation.
The summary portions of the Project 3 Report (Phase One)
are attached as Exhibit 1IV.
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Second, coardinators should be sent periodic printouts
or microfiche of all pending and recently granted applications in
their geographic service areas; alternatively, copies of all licenses,
modifications, and renewals should be sent to the applicable coor-
dinator. It is recommended that the printouts be monthly so that
the reports will have sufficient currency to be useful.

Third, retrieval access to the data base should be possible
by any interested party including engineering firms, equipment vendors,
and licensees, upon payment of appropriate fees if necessary.

As for modes of retrieval, the list of primary search
key parameters in Appendix A (p. 10) is adequate for frequency
coordination work. APCO's prior experience indicates that the
licensee's legal name, service, call sign, frequency and geographic k
area are the most useful parameters, and these files should be
cross—indexed with each other to assure easy reference. Information
under these search keys should be available by geographic areas,

1/

including multistate or intrastate areas as appropriate.

1/ The frequency coordinator in Connecticut, for example, may
need information on systems in Rhode Island, Massachusetts,
New York, New Jersey, and Pennsylvania; while the coordinator
in Los Angeles may need only Southern California data. An
index of geographic areas for which data can be retrieved
would be helpful.
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II. Frequency Coordination Procedures in
the Interval Until the FCC Data Base
is Implemented.

As the Commission is well aware, APCO's basic position
is that, in concept, frequency coordination is the responsibility
and burden of the Commission as a necessary step in meeting the
purpose for which it was created. However, unless and until the
Commission is equipped to do the job properly and effectively, APCO
will continue to be a strony supporter of frequency coordination
performed by volunteers from the various radio services and has
comnitted major efforts to that end. APCO members take part in
local frequency coordination advisory committees for public safety
radio applications in many parts of the country. As part of its
emphasis on regional communications planning, moreover, APCO has
stressed the role of frequency coordination in assuring effective

use of frequency assignments.
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Under present conditions, the Commission's decision to
rely on voluntary frequency coordination efforts, rather than
analyze all frequency questions by the Commission in Washington,
meets witl, firmr approval from APCO. At the same time, the fact
that the volunteer coordinator is taking on a part of the Commission's
burden should be recognized. Such volunteers must look to the Com-
mission for support. As noted earlier, the establishment of a proper
data base with provision for means of access borne by the Commission
is one way in which such support can be provided.

A. Organization of a Frequency Coordination
System.

In discussing frequency coordination systems, certain
fundamental Jdefintions and ground rules should be agreed upon by
the Commission and private parties. APCO's experience with frequency
coordination activities performed by area coordinators or committees
of affected users has been favorable and successful. APCO proposes
the following definitions and criteria as descriptive of those seeking
to assume the critical role of a designated single point coordinating

organization:

(1) Designated Coordinating Organization:

NDefinition: A national organization of radio cpectrum users
that is authorized by the FCC to provide coordina-
tion scrvices on a national basis fo license appli-
cants in designated user services.




(2)

?_urgose:

Elements:

Coordinator:

Definition:

PurEose:

Elements:

Coordinating

-20-

To provide uniform administrative and super-
visory support to its selected coordinators
on a single point of interface between such
coordinators and the FCC.

1) An established organization having a
national distribution of radio service
user members.

2) A permanent national office employing a
permanent staff.

3) A governing mechanism, responsive to the
membership and authorized to exercise
supervisory jurisdiction over the spectrum
management related activities of its mem-
bership.

A member of a Designated Coordinating Organization,
authorized to accomplish a coordination function
for specified land mobile radio service(s) in a
specified geographic area.

To provide coordination service to appropriate
radio frequency license applicants in a designated
area.

1) Authorized by the Designated Coordinating
Organization.

2) Resident of or employed in the geographical
area in which he acts.

3) Complies with established standards and pro-
cedures.

Committee:

Definition:

Purpose:

Elements:

A committee of coordinators authorized to coor-
dinate for specified user services in a designated
geographical area.

To assure maximum utilization of the RF spectrum
by spectrum management decisions ©f the committee.

1) Comprised of authorized coordinators.
2) Membership includes those directly affected

by spectrum management decisions of the com-
mittee.
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(5)

Coordination:

Definition:

Purpose:

Elements:

An approved procedure for processing reguests
for radio frequency recommendations.

To achieve and maintain an optimum level of
compatible communications systems in a given
geographical area.

1) Aadvisory in nature.

2) Provided by authorized individual (s).

Advisory Procedure:

Definition:

Purgose:

Elements:.

Coordination

The process of making recommendations on technical,
administrative and regulatory matters affecting
utilization of the radio frequency spectrum.

To assure that maximum operational benefit is
derived from use of the spectrum available.

1) Reflects local geographic and system related
requirements.

2) Accomplished prior or subsequent to issuance
of a license.

Plan-:

Definition:

Purpose:

Elements:

A document, approved by the FCC, that defines
the procedures by which the coordination function
will be accomplished.

To define responsibilities, authorities, procedures
and practices associated with the coordination pro-
cess for the benefit of those affected by spectrum
management decisions.

1) A formal publication of a Designated Coordina-
ting Organization.

2) Approved by the FCC.

3) Availeble to license applicants and users of
the spectrum.
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An organization seeking to become a designated coordinating organi-
zation should submit a plan for FCC approval that ~»ets the above
definitions and covers:

1) Eligibility:

A) Name of organization

B)Y List of its current officers

C) Address of its principal business office

D) Aims and objectives and geographic scope as
documented by a copy of its by-laws

E) 1Identification of its served radio services
as specified by its by—-laws membership quali-
fications

2) Ability:

A) Resources: administrative:

(1) Number of paid employees, job descriptions
(2) Background and experience

(3) Office space and equipment

(4) Legal services

B) Resources: membership:

(1) Number of members by membership category

(2) Number of members by radio service

(3) Geographic distribution of members (chapters,
etc.)

(4) Typical job responsibilities of members

(5) List of current coordinators, job titles, etc.

C) Resources: financial:

(1) Copy of last annual fiscal report

(2) Copy of current budget

(3) 1Indication of change, if any, caused by pro-
posed coordination procedure

3) Activity:

A) Services regularly provided to membership
and others

B) Participation in Commission proceedings

C) Trade shows

D) Seminars and schools

E) Chapter, regional, and national meetings

F) Projects and studies

G) Other

4) Coordination procedure:

A) As currently performed
B) As proposed in attached documents
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In APCO's view, the definitions and criteria set out
above establish private frequency coordination efforts on a sound
basis for the public safety radio services in all radio bands. We
urge the FCC to adopt these definitions and criteria as part of
its program to rely on a private frequency coordinating entity in
the public safety radio services and to the extent ¢ 'propriale in
other services. In addition, certain other fundamental points
should be included in proposed rules to formalize the scope needed
for a public safety frequency coordination system.

B. Scope of a Public Safety Frequency
Coordination System.

First, as noted above, APCO supports the use of private
frequency coordination efforts in all radio bands including 900 MHz.
It is our view that the frequency coordination process, with its
detailed work before and after licensing of systems, is the best
method of insuring the existence of compatible and effective radio
systems. The 900 MHz spectrum is no exception in this regard.

second, APCO supports frequency coordination for all
public safety radio applications including those which are part
of regional plans, which propose shared use of relay facilities,
and which employ field engineering surveys. While we recognize
that some applicants may choose to use a field engineering survey
or that duplication may occur with multiple requests for a shared
relay facility, the job of the coordinator can be seriously com-
promised by frequency assignments made on the basis of applications

of which the local coordinator is unaware. Since the coordinator
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has been assigned the major responsibility for frequencf recom-
mendations, his work should be supported by requiring applicants
to submit a copy of their applications to the coordinator at the
same time a filing is made with the FCC. This contemporaneous
notice is necessary for the coordinator to have an opportunity to
comment on the application before it is granted and to avoid con-
flicting frequency recommendations during the interval between the
filing of an uncoordinated application and the grant of the appli-
1/
cation.

Applications which are made in connection with compre-
hensive public safety telecommunications plans should also be sub-
ject to the frequency coordination process so that the coordinator
can advise the participating agencies and be advised of any changes
or modifications in the plan.  In addition to specifying frequency

coordination for comprehensive plans, the new Rules should contain

a process whereby the FCC and the coordinators monitor and participate

1/ To preserve the options of field surveys while also keeping

- coordinators abreast of applications, the request for coordina-
tors' comments should be combined with the FCC application form.
With a space for the coordinator's recommendations and comments,
the form would contain all the information needed both by the
FCC and the coordinator. Whatever mechanism is adopted, the
Rules should provide for the notice needed by the coordinator
at the time the application is filed.

2/ BAPCO recognizes and has promoted the process of preparing,
T adopting, and implementing statewide plans. Freguency coor-
dination should be an aid in identifying necessary modifications.
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in the implementation of a plan that has been approved. The struc-
ture of an approval and implementation process 1is discussed further
below. (pp. 30~-31).

Third, in endorsing private frequency coordination efforts
for all applications, APCO does nct call for a delegation of authority
from the FCC to the coordinators. Just as the FCC is the only
entity that can organize and maintain the data base necessary for
any system of frequency assignments, the Commission must also bear
the ultimate authority for frequency assignments, monitoring, and
enforcement of its license provisions. The frequency coordinator
should make recommendations as to the channel assignments and tech-
nical or operational considerations affecting area use of the channel,
but the coordinator should not be empowered to delay submission of
an application unless or until his suggestions are adopted.i/ Simi-
larly, in cases of disputes between the coordinator and the applicant,
including disputes over applications based on field engineering
surveys, each party should have an opportunity to submit written
comments in support of his view prior to an FCC decision. The Com-
mission's decision should be confirmed in writing, accompanied by

a brief statement of reasons, and provided to all parties to the

dispute.

1/ By the logic of APCO's position on this point, the frequency

- coordinator should not "administer" a public s fety telecommuni-
cations plan. The mechanism ‘for approving and implementing a
statewide plan vis-a-vis FCC requirements shou.d be an FCC pro-
cess clearly set out in the Rules.
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Finally, the FCC computer model for selecting frequencies,
the Automatic Frequency Assignment Model or AFAM, should be avail-
able to provide assistance to the coordinator. As the Notice
acknowledged (Paragraph 21), reliance on AFAM as the sole source
of frequency selections in the Chicago region was unsatisfactory
because of the individual judgments and human factors involved in
many applications. Indeed, in crowded areas frequency coordinators
tallor systems to an existing environment, an individual process
that has not yet been programmed for computer solution. The com-
puter's capabilities can be valuable to the coordinator if used
for a first order approximation of all possible frequency selections
from calculations of the applicant's coverage requirements and
those of existing systems. A printout of AFAM's frequency recom-
mendations and the supporting calculations should be available to
the coordinator at his request for use in making a frequency recom-
mendation. In cases where the coordinator's recommendation differs
substantially from AFAM's selections, a statement of the unique
factors of the application might be requested to explain the deviation.
In this manner, the AFAM model can be used to assist the frequency

1/
coordinator as well as to assess his selections.

1/ APCO's program for frequency coordination in the Chicago region
follows this approach. See, Exhibit II, infra. This program
could be a model for future efforts with AFAM.
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C. APCO's Program for Frequency Coordination
in the Public Safety Radio Service in the
Near Term.

The eventual frequency coordination system determined as
baest suited to the public safety services will depend upon
the establishment of an FCC data base having necessary information,
accuracy and currency, together with the means of access to it.

It will require the adoption of fundamental definitions and ground
rules, and the establishment of a frequency coordination process
that results from future rulemaking proceedings on frequency coor-
dination as announced in the Notice (pPara. 1l).

The question of guidelines and standards for frequency
coordinators is one which APCO has previously addressed at some
length. In 1971, an APCO task force drew up a Frequency Coordination
Manual as a model for its local coordination committees. This
Manual was designed as a guide to public safety coordinators in the
unique aspects of public safety radio while recognizing tha; each
local area may differ in applying the suggested procedures._/ If
the FCC determines that one organization should perform frequency

2/
coordination for all public safety radio applicants, APCO has the

1/ The difference between public safety radio systems across the
country have led APCO to operate its frequency coordination work
by local committees under the administrative supervision of its
National Office to a great extent. It is our view that efforts
will always be required by public safety radio personnel who are
well informed in local areas.

2/ A number of land mobile radio organizations have petitioned the
Commission to establish four national coordination entities for
coovdination in Lhe 900 MHz band. Rm 2908, Comments filed

July 20, 1977.
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capability to assume that role. The framework adopted would be
cufficient unto itself but would provide for participation of
other public safety organizations should they desire to do so.
APCO is prepared to move toward a more comprehensive system of
coordination, unified under its National Office and organized for
Commission auditing, as may be necessary.

The Commission's comments about lack of standardization,
however, must be considered in light of the‘widely varying charac-
teristics of the radio services. Public safety radio systems have
unique factors of governmental involvement in planning and budgeting,
public responsibilities for safety of lives and property, and a
need for all local and state organizations to coordinate with each
other in degrees ranging from everyday working arrangements to a
cognizance of abilities and functions in times of disaster and
emergency. These unique factors mean, for example . that channel
loading criteria in numbers of mobile units are noc: wholly appro-
priate for public safety systems, a point discussed in detail else-
where. The public safety coordinator must be knowledgeable in the
unique aspects of public safety radio systems and empowered by the
Rules to make frequency recommendations that best £fill the perceived
needs. A frequency coordination program that is standardized for
all services and limited by rigid channel sharing and loading rules

will not yield the best results for public safety systems.
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D. Frequency Coordination in che
Chicago Region.

'APCO is prepared to resume its frequency coordination
efforts in the Chicago region on any date the Commission may set.
APCO members have worked with the Spectrum Management Task Force
throughout the Chicago experiment, and discussions have been held
regarding possible procedures for increasing the role of private
coordinators. Exhibit II attached to these Comments offers a
proposal for private frequency coordination in the Chicago region,
building upon the task force experiment.i/ Our proposal envisions
use of the AFAM model at a preliminary stage in the application
process with the final frequency sclected by the FCC staff from
the AFAM calculations and the coordinator's recommendations. This
APCO plan could be implemented by all radio services or only public
safety services. It will be necessary, of course, for those per-
forming coordinating activities to have access to the present data
base of Chicago area licensees in order to start their work and
to continue it. Access should be arranged on the basis described

in Section I above, and this experience may offer field data for

designing the nationwide access program.

1/ The proposal in Exhibit II is based upon discussions between
- APCO and Commission Staff officials shortly prior to termination
of the Chicago experiment. There was basic agreement that such
an approach would be tried. However, it was not- implemented

because of termination of the experiment shortly after the agree-
ment was reached.
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III. Spectrum Monitoring and Channel Usage
Data are Tools in Effective Spectrum
Management.

The third area of inquiry in the Notice involves the
Commission's program of monitoring land mobile channels to compile
data on actual channel usage. The Notice reports the preliminary
experience with spectrum monitoring in Chicago and requests com-
ments on the data to be gathered and the use of the data. As the
Commission recognizes, a comprehensive program of spectrum monitoring
is difficult to implement and uncertain in results. (Notice, Appen-
dix B). For public safety radio systems, moreover, spectrum
wnitoring mugt recognize the characteristice of public cafety sys-
tems and the way they differ from those of other r:dio services.

Public safety systems must operate 24 hours per day,
seven days a week, to meet their public responsibilities; indeed,

a large percentage of their activities occur outside of normal
working hours.i/ Monitoring of public safety systems should take
into account this fulltime use. The monitoring data should also
be read in light of other operational factors such as the need

for instant communications when an incident occurs. A major per-

formance criterion that must be satisfied in the design of public

1/ Studies of crime statistics, for example, show large percentages
of crime at night and on weekends. Similarly, large numbers of
traffic accidents occur durihg the evening rush_hour and on
holiday weekends. Major civil disasters and emergpnr1pq call
for 24-hour-a-day radio systems until the crisis is over. See,

e.g., National Commission on Criminal Justice Standards and Goals,
Police, 1973, at 200-04.




safety radio systems is the waiting time of mobile or portable
units before effective contact with the control point is established,
since an unduly long waiting time can mean the difference between
life and death in certain situations. Apart from such extreme
cases, public safety communications in general must place a higher
priority on quick access to a control point or to other mobiles or
portables than many non-safety licensees, and the FCC channel loading
criteria should recognize this need.

Another factor unique to public safety systems is the
need for functionai designation of one or more channels in a system.
Detective or undercover police units, vice squads, and other police
units may be assigned a channel for their use only to insure instant
access to a control point or other points of communications and to
protect the identifies or locations of undercover personnel. An-
other channel may be assigned only for dispatching purposes, so
that dispatch orders and calls to all units can be made without
delay or interference. These functional designations have a vital
role that should not be overlooked in an attempt to evaluate spec-

1/

trum use.

1/ APCO's Project 3, the study of public safety operating proce-
dures, contains detailed support for the unique factors of
public safety systems. A copy of the Summary from Project 3
is attached as Exhibit IV. ‘
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A fourth factor unique to public safetv radio svstems
is the increasing use of comprehensive telecommunications plans.
Working with the Law Enforcement Assistance Administration, APCO
has encouraged the development and use of local and regional plans
that provide for efficient use of frequencies and the development
of operational compatibility between many city, county, and state
public safety agencies. 1In previous filings with the Commission
based on the extensive studies of Projects 13 and 1l3a, APCO urged
the acceptance and accommodation of public safety plans in frequency
assignments and channel loading requirements.i/ Since this proceeding
may lead to proposed Rules to aid spectrum management, provision
should be made for a process of FCC approval of a public safety
plan. The following definition of a public safety telecommunications
plan should be recognized by the Commission as the first step in

this process:

Public Safety Telecommunications Plan

A document which defines the use of portions

of the radio frequency spectrum in a specific
telecommunications system by a tax-supported
agency or agencies. Such plan must be justi-
fied by analysis of operational requirements

in light of channel utilization and by evidence
of financial support and other factors which
will insure implementation within a planned
time frame. All Public Safety Telecommunica-
tions Plans should be accompanied by a state-
ment from frequency coordinating committees
indicating potential availability of frequencies.

1/ See, APCO's Petition for Reconsideration and Clarification
filed in Docket No. 20909, May 2, 1977.
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If a plan meets these criteria, it should be submitted to the

FCC for review as to its licensing needs. Upon the Commission's
concurrence, the agencies participating in the plan and the applicable
coordinators should be given written assurance that frequencies

will be made available, preferably those recommended by the coor-
dinator, to implement the plan.

Apart from urging the Commission to recognize and accom-
modate the unique aspects of public safety systems in any spectrum
management system, APCO supports a continuation of monitoring to
the extent the Commission feels useful in major cities where a
specific need for channel occupancy data may exist. It should be
noted that a full-time, comprehensive system of monitoring would
entail a commitment of resources and priorities far above the level
contemplated in the Notices. Until the Commissin 's prepared to
commit the resources needed, a number of interim steps can be taken
to obtain accurate and useful data. These steps include increased
requirements for entries in a station log, inexpensive recording
devices or time keeping attachments to the station transmitter and
receiving equipment.

Under any system of monitoring, public safety organiza-
tions and the frequency coordinators should have access to the
monitoring data when requested. Any suggestions for increased
sharing of channels should be made in close consultation with the

coordinators.
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Conclusion

The implementation of an effective system of spectrum
management and frequency coordination for the land mobile radio
services will be critically dependent upon the determination of the
FCC to fulfill its responsibilities within the limit of its re-
sources. The Commission is the only party that can assemble the
information and resources to construct an accurate data base of
licensees and provide low cost access to it. Similarly, the Com-
mission is the only party which can organize and carry out a pro-
gram of channel monitoring, taking into account the operational
factors of the systems surveyed, analyze the data in accordance
with meaningful criteria, and enter this data into the data base.
In the public safety area, the data base and channel loading stan-
dards must take into account average message length, frequency of
messages, and other factors which affect the waiting time for access
to the system.

In the interim until establishment of an adequate FCC
data base, certain measures can be taken to rationalize and upgrade
the fregquency coordination program. APCO has made suggestions as
to definitions relating to frequency coordination activities. If
the FCC determines that one organization should handle frequency
coordination in the public safety radio services, APCO is prepared
to assume that role through its National Office and local coordina-
ting entities. APCO has unigue qualifications to do so stemming
from its organization, membership expertise, past studies, reports,

and other projects bearing upon public safety matters, and other
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resources as discussed above. Further changes in the frequency
coordination system should await the organization and availability
of the FCC data base and the coming inquiry on frequency coordina-
tion procedures.

Finally, in any spectrum monitoring and channel loading
program adopted for the future, APCO urges the Commission to recog-
nize and accommodate the unigue aspects of public safety radio
systems. Chief among these factors are planned and integrated
systems, the 24-hour, seven-day work week of our systems, and the
need for functional designation of some channels and nearly instanta-
neous communications in many situations. For these reasons, channel
loading criteria must be more meaningful than the number of mobile
units per channel, and frequency assignments must be tailored for
the operational requirements of public safety systems.

Respectfully submitted,

ASSOCIATED PUBLIC-SAFETY
COMMUNICATIONS OFFICERS, INC.

Joseph M. Kittner

Virgilnia S. Carson

McKenna, Wilkinson & Kittner
1150 Seventeenth Street, NW
Washington, DC 20036

Its Attorneys

October 13, 1977




AMST
APCO
AT&T
AVL
CAD
db
EIA
ERP
FcC
IACP
IBT
1D

IF
IMTS
15#
LEAA
LMCC
NABER
NARUC
oTP
RF
STRSA
SMRS
UHF
VHF
WARC

ABBREVIATIONS

Association of Maximum Service Telecasters

Associated Public-Safety Communications Officers, Inc.
American Telephone & Telegraph Company

Automatic vehicle location

Computer aided dispatch

Decibel

Electronics Industries Association

Effective radiated power

Federal Communications Commission

Internal Association of Chiefs of Police

I111inois Bell Telephone

Identification

Intermediate frequency

Improved Mobile Telephone Service

Industrial, scientific and medical

Law Enforcement Assistance Administration

Land Mobile Communications Council

National Association of Business and Educational Radio, Inc.
National Association of Regulatory Utility Commissioners
Office of Telecommunications Policy

Radio frequency

-Special Industrial Radio Service Association, Inc.

Specialized Mobile Radio Systems
Ultra high frequency
Very high frequency

World Administrative Radio Conference

AB-i




ambient noise

antenna gain

authorized transmission

automatic vehicle location

channel loading standards

community repeater

coordinating committee

coordinator

fleet dispatch

foliage loss

frequency assignments

functional requirements

geographic re-use

isotrapic radiator

licensable

paging

path loss

GLOSSARY

_Environmental or background electromagnetic noise

-An antenna characteristic that increases the power density in a
given direction by concentration of radiated energy

-A message whose content is in keeping with the authorized pur-
poses of the licensee

-A technique using RF energy to automatically determine the
Tocation of vehicles and to report their positions to a central
control facility

-FCC standards designating the number of mobile units that must
be assigned to a single channel before that channel is con-
sidered "fully loaded", thereby justifying the assignment of
addilional channels

-A base station used by more than one licensee to provide an
extended area of communication with the licensee's mobile units.
A1l users of the community repeater jointly share the community
repeater's license responsibility.

-A committee of coordinators authorized to coordinate for speci-
fied user services in a designated geographical area

-A member of a designated coordinating organization, authorized
to accomplish a coordination function for specified land mobile
radio service(s) in a specified geographic area

-A communications process by which a number of mobile units
monitor all transmissions from a common point to receive infor-
mation that may pertain to only one or more units of the fleet
in any given instant

-Attenuation of electromagnetic energy caused by the absorption
by trees or other growth in the path between transmitter and
receiver

-A frequency authorized by the FCC for use by a licensee for pur-
poses specified on the license

-Those capabilities a system must provide to fulfill the opera-
tional needs of the user

-Re-use of a specific frequency made possible by geographic
separation er shielding from undesired signals

-A radiator of electromagnetic energy that radiates equally well
in all directions (a theoretical concept)

-An application for use of the spectrum that is in compliance
with the FCC's Rules

_A communication service in which a base station provides one-way
communication to subscribers, usually involving only "beep tone"
notification .

-The attenuation of electromagnctic cnergy over the path between
two points




peak loading

radio common carriers

satellite sites

simulcasting

system configuration

wireline carriers

-The maximum traffic level to which a radio channel may be
subjected. Peak loading of law enforcement channels usually
occurs during periods of maximum criminal activity or major
community emergencies

-Those who provide radio communication service ta the general
public

-Remote transmitter and/or receiver sites connected to a central
control station usually by landline or microwave links that
provide radio communications coverage of selected areas that
cannot be served adequately from the base site

-A technique of transmitting from two scparate sites simultaneous-
1y on a common frequency. Careful control of both audio and
radio frequencies at each site is required to preclude distruct-
ive interference in regions covered by more than one simulcasting
transmitter

-The arrangement of procedures, equipment and organizations that
have been selected to accomplish the functional objectives of the
system

-Public service entities that provide wire type communications
services. While the term implies telephone type wire connec-
tions, many such carriers use microwave systems within their
systems

G-1i1i
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